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INTRODUCTION 

In  the  past  the  investigation  of  blackwater  fever  has  been 
essentially  clinical.  The  symptoms  and  course  of  the  disease  have 
been  studied  and,  as  regards  aetiology,  its  relation  to  the 
administration  of  quinine  has  been  established  ;  but  purely  clinical 
observation  has  failed  to  explain  the  significance  of  its  association 
with  malaria,  although  its  dependence  upon  malaria  has  been  assumed 
by  most  writers.  But  little  attention  has  been  given  to  the  mechanism 
of  production  of  blackwater  fever,  although  recent  advances  in 
experimental  physiology  and  pathology,  and  above  all  in  physical 
chemistry,  have  provided  numerous  methods  applicable  to  research  in 
this  direction.  In  the  investigation  which  we  have  made  upon 
blackwater  fever,  we  have  endeavoured  to  trace  out  some  of  the 
internal  processes,  whose  terminal  event  is  the  appearance  of  black¬ 
water,  believing  that  in  this  way  many  obscure  points  in  connection 
with  the  causation  and  treatment  of  this  condition  would  sooner  or 
later  be  cleared  up.  In  our  work  we  have  always  attempted  to  give 
our  observations  a  quantitative  character,  and  to  be  as  far  as  possible 
free  from  the  limitation  imposed  by  purely  qualitative  methods. 

Some  of  the  investigations  which  we  have  entered  upon  have 
necessarily  been  of  a  somewhat  tentative  character.  Thus  before  the 
direct  action  of  quinine  upon  the  red  blood  cells  in  blackwater  fever 
could  be  determined,  it  has  been  essential  first  of  all  to  determine  its 
action  upon  the  red  blood  cells  of  healthy  individuals.  The  next  step 
undertaken  was  that  of  determining  if  haemolysins,  present  in  the 
blood,  played  any  part  in  the  production  of  blackwater,  such  as  is 
known  to  be  the  case  in  paroxysmal  haemoglobinuria.  A  further 
point  has  been  the  investigation  of  the  relationship  of  haemoglobin- 
aemia  to  haemoglobinuria.  Again,  in  studying  the  condition  of  the 
urine  in  blackwater  fever,  it  has  been  found  desirable  to  estimate, 
whenever  possible,  the  amount  of  blood  cells  corresponding  to  the 


dissolved  haemoglobin  present  in  the  urine,  and  for  this  purpose  it 
has  also  been  necessary  to  investigate  quantitatively  the  action  of 
urine  upon  haemoglobin.  Further  light  upon  the  mechanism  of 
production  of  blackwater  fever  has  also  been  obtained  by  studying 
redwater  and  by  experimentally  producing  haemoglobinuria  in 
animals.* 

The  attacks  of  blackwater  fever  which  we  have  investigated  have 
been  twenty  in  number,  and  were  kindly  brought  under  our 
observation  by  the  Nyasaland  Government  medical  staff  and  by  the 
medical  officers  of  the  Shire  Flighlands  Railway  Company. 

Our  thanks  are  also  due  to  the  Nyasaland  Government  for 
providing  us  with  rooms  at  the  Hospital  at  Blantyre. 

Our  report  was  completed  in  the  Runcorn  Research  Laboratories 
of  the  Liverpool  School  of  Tropical  Medicine. 


I.  THE  HAEMOLYSIS  OF  RED  BLOOD  CELLS  BY  QUININE 
AND  ALSO  BY  ACID,  ALKALI  AND  URINE. 


a.  The  action  of  quinine,  acid  and  alkali  on  healthy  red.  blood  cells. 

I.  Action  of  quinine  bihydrochloride  on  red  blood  cells  in  varying 

concentrations. 

In  testing  the  haemolytic  action  of  quininet  upon  red  blood  cells 
the  bihydrochloride  was  used  because  its  greater  solubility  in  water 
permitted  the  employment  of  a  wider  range  of  concentration  than 
would  have  been  possible  had  the  monochloride  or  sulphate  been 
chosen.  In  the  first  three  series  of  experiments  the  action  of  the 


*  See  Table  of  Contents,  p.  l. 

t  The  only  work  on  this  subject  appears  to  be  that  ol  Nocbt,  IJher  Schtvarz- 
'wasserfieber,  V'erbandlungen  des  deutschen  Kolonialkongtesses,  1905,  who  stated  that 
2  mgrm.  of  quinine  in  5  c.cm.  of  a  10  per  cent,  dilution  of  defibrinated  blood  in  a  0'9  per  cent, 
sodium  chloride  solution  was  the  maximum  amount  which  could  be  added  short  of 
causing  haemolysis. 
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quinine  salt  was  tested  upon  red  blood  cells  freed  from  plasma,  the 
method  of  procedure  in  these,  and  most  of  the  succeeding  experiments 
of  the  same  type,  being  as  follows  :  — 

Method. — About  one  cubic  centimetre  of  blood  was  obtained  by 
pricking  the  finger,  previously  washed  and  cleansed  with  absolute 
alcohol,  and  allowing  blood  to  flow  drop  by  drop  into  a  small  glass 
collecting  tube  containing  a  measured  amount  of  a  i  per  cent,  solution 
of  potassium  oxalate  (containing  also  o'45  per  cent,  of  sodium  chloride, 
so  as  to  be  isotonic  with  the  red  cells),  in  the  proportion  of  one  part 
of  the  latter  to  from  four  to  ten  parts  of  blood.  The  mixture  thus 
obtained  was  next  sucked  up  into  a  graduated  2  c.cm.  pipette  and  its 
volume  noted.  The  percentage  (by  volume)  of  red  cells  contained  in 
the  mixture  was  then  determined  by  means  of  a  haemocrit.  The 
mixture,  or  a  measured  fraction  of  it,  was  next  added  to  about  10  c.cm. 
of  o'g  per  cent,  solution  of  sodium  chloride  and  centrifugalised  until 
the  red  cells  were  completely  precipitated.  The  supernatant  fluid 
was  then  pipetted  off  and  as  much  of  the  o'g  per  cent,  solution  of 
sodium  chloride  added  as  was  required  to  make  up  a  2' 5  per  cent, 
emulsion  of  red  cells.  In  many  of  the  experiments  a  portion  of  this 
emulsion  was  laked  by  the  addition  of  distilled  water,  and  the  amount 
of  haemoglobin  it  contained  determined  by  means  of  a  haemoglobino- 
meter  reading,  the  absolute  values  of  the  scale  of  the  instrument 
having  previously  been  determined  in  terms  of  the  red  cells  in  the 
moist  condition  of  one  of  us,  taken  as  a  standard.  In  this  way  the 
value  of  different  blood  emulsions  made  up  to  2' 5  per  cent,  of  wet  red 
cells  can  be  referred,  as  regards  their  haemoglobin  content,  to  the 
same  standard.  It  may  be  observed  that  sometimes,  as  for  example 
m  cases  of  malaria,  as  will  be  seen  later  (cp.  Table  24),  this  is 
absolutely  necessary  if  different  e.xperimental  results  are  to  be 
compared. 

The  red  blood  cell  emulsion  having  been  prepared  as  above 
described  measured  amounts  were  then  added  to  a  series  of  test-tubes 
containing  a  quinine  solution  isotonic  with  blood  plasma  and,  if 
necessary,  also  eg  per  cent,  of  sodium  chloride,  so  as  to  make  up  a 
diminishing  series  of  concentrations  of  quinine  salt,  while  at  the  same 
time  the  percentage  of  wet  red  cells  in  the  series  progressively 
increased  (Table  i).  In  this  way  the  point  was  determined  at  which 
the  red  blood  cells  present  were  completely  haemolysed  at  the  end 
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of  the  period  of  experiment,  namely,  three  hours,  the  temperature  of 
experiment  being  37°  C.  In  Table  i,  only  the  concentration  of 
quinine  salt  and  the  ratio  of  the  weight  of  wet  red  cells  to  the  weight 


Table  i.  Haemolysis  of  red  blood  cells  by  quinine  bihydrochloride  dissolved  in  0*9  per 
cent.  NaCl  solution.  Duration  of  experiment  three  hours.  Temperature  C. 


No.  of 
Experi¬ 
ment  . 

Composition  of  Mixture  of 

Red  Blood 

Cells  and  Quinine  Solution 

Quinine  bihydrochloride  0*080  % 
Weight  of  wet  red  blood  cells  c;*! 
Weight  of  quinine  salt  i 

0*065  % 
6-5' 

0'054% 

°-o45  % 
10-4 

I 

0-038  % 
'37 

1 

I 

Complete 

Complete 

Complete 

Complete 

Partial 

2 

Complete 

Complete 

Complete 

Complete 

Market! 

3 

Complete 

Complete 

Complete 

Complete 

Partial 

4 

Complete 

Complete 

Complete 

Complete 

Partial 

5 

Complete 

Complete 

Complete 

Complete 

Partial 

of  quinine  present  are  given,  the  actual  quantities  of  red  blood  cell 
emulsion,  quinine  solution  and  of  salt  solution,  which  were  employed, 
being  omitted  so  as  not  to  overburden  the  Table  with  such  details 
of  experiment  as  are  best  arranged  in  accordance  with  the  actual 
conditions  of  working  which  individual  experimenters  may  regard  as 
most  convenient.  In  some  of  the  later  experiments,  however,  the 
concentration  of  the  solutions  employed  and  the  amounts  of  each 
used  are  given  (Table  24) ;  from  these  the  reader  will  readily  devise 
convenient  concentrations  and  quantities  to  employ  in  those 
experiments  in  which  these  details  are  omitted. 

During  the  course  of  the  e.xperiments  the  tubes  containing  the 
mixtures  of  red  blood  cell  emulsion  and  quinine  solution  were  stirred 
with  a  glass  rod  every  fifteen  minutes.  In  the  tubes  in  which 
complete  haemolysis  appeared  to  have  occurred,  a  microscopical 
examination  of  the  deposit  after  centrifugalisation  was  made  in  order 
to  make  certain  that  this  was  the  case. 

In  all  these  experiments  the  glass  tubes  and  pipettes  used  were 
kept  scrupulously  clean.  From  time  to  time  a  search  for  bacteria 
was  made  at  the  close  of  the  experiment,  but  uniformly  with  negative 
result.  Actual  sterilisation  of  the  glass  apparatus  and  of  the  solutions 
employed  was  carried  out  only  in  a  few  cases  in  which  the  time 
elapsing  between  the  collection  of  blood  and  the  termination  of  the 
experiment  exceeded  four  hours. 


On  reference  to  J'able  i  it  will  be  seen  that  haemolysis  was 
complete  up  to  a  concentration  of  0'045  per  cent,  of  quinine  bihydro- 
chloridCj  at  which  concentration  the  weight  of  red  cells  haemolysed 
was  iO‘4  times  that  of  the  quinine  salt  employed.  When  a  concen¬ 
tration  of  0'038  per  cent,  was  employedj  the  weight  of  red  cells  being 
now  137  times  that  of  the  quinine  salt  present  in  solution,  haemolysis 
was  only  partial,  and  on  extending  the  series  beyond  the  limit  given 
in  the  Table,  the  red  cells  were  found  not  to  be  appreciably  affected. 
The  transition  point  was  sharply  marked,  though  slight  variations  in 
the  rate  at  which  haemolysis  pi'oceeds  were  to  be  observed.  As  will 
appear  later  (cp.  Table  18),  in  different  samples  of  red  blood  cells, 
taken  from  the  same  (healthy)  individual,  similar  variations, 
inconsiderable  in  extent,  occur. 

In  the  more  concentrated  solutions  of  quinine  bihydrochloride 
haemolysis  proceeds  very  rapidly.  In  the  first  two  concentrations 
given  in  Table  i,  haemolysis  was  complete  within  an  hour,  and  in  the 
third  at  the  end  of  about  two  hours. 

A  second  series  of  experiments  (Table  2)  was  next  carried  out,  in 
which  the  concentration  of  the  quinine  salt  at  the  transition  point 
was  nearly  four  times  that  present  at  the  transition  point  of  the  first 
series.  In  these,  as  in  the  former  experiments,  the  transition  point 


Table  2.  Haemolysis  of  red  blood  cells  by  quinine  bihydrochloride,  in  nearly  four  times 
the  concentration  employed  in  Table  i .  Duration  of  experiment 
three  hours.  Temperature  37°  C. 


No.  of 
Experi¬ 
ment 

Composition  op  Mi.xture  of 

Red  Blood 

Cells  and 

Quinine  Solution 

Quinine  bihydrochloride  0*223  % 
Weight  of  wet  red  blood  cells  10*4 
Weight  of  quinine  salt  i 

1  o-i8S% 
13-0 

I 

O' '55% 
15-6 

O' ‘34% 
i8’2 

0-119% 

20*8 

I 

I 

Complete 

Complete 

A'larked 

Marked 

Slight 

(Marked]* 

(Partial) 

(SUght) 

(SUght) 

(Shght) 

2 

Complete 

Complete 

Marked 

Shght 

Slight 

(Complete) 

(A^arked) 

(Slight) 

(Slight) 

(Shghq 

3 

Complete 

Complete 

Complete 

Marked 

Slight 

(Complete) 

(Complete) 

(Shght) 

(Shght) 

(Shght) 

4 

Complete 

Complete 

Complete 

Marked 

Shght 

(Complete) 

(Complete) 

(Complete) 

(SUght) 

(Shght) 

5 

Complete 

Complete 

Complete 

Shght 

Shght 

(Complete) 

(Complete) 

(Marked) 

(Slight) 

(Shght) 

The  results  in  brackets  repreSent  the  action  of  quinine  bihydrochloride  when, 
instead  of  washed  red  cells,  equivalent  amounts  of  oxalated  blood  are  used. 
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is  well  mai'ked,  and  occurs  when  a  concentration  of  quinine,  bihydro 
chloride  amounting  to  O' 155  per  cent,  is  reached.  It  will  be  noticed 
that  in  two  members  of  the  series,  haemolysis,  at  the  transition  point, 
was  nearly  but  not  quite  complete  at  the  end  of  three  hours  at  37°  C., 
the  rate  at  which  the  reaction  proceeded  being  in  these  two  cases 
slightly  slower  than  in  the  remaining  members  of  the  same  group. 
In  the  succeeding  concentration  [o’ 134  percent.]  of  quinine  salt  haemo¬ 
lysis  is  partial  or  slight,  and  in  the  remaining  concentration  (o'liq  per 
cent.)  but  little  haemolysis  occurs.  In  these  experiments  it  is  seen 
that  a  given  weight  of  quinine  bihydrochloride,  does  not  haemolyse  a 
fixed  weight  of  red  blood  cells  during  the  period  of  experiment  (three 
hours),  but  that  the  maximum  weight  of  red  blood  cells,  which  can 
be  haemolysed,  depends  upon  the  concentration  of  the  quinine  salt, 
not  upon  its  absolute  amount. 

A  third  series  of  experiments  was  now  carried  out  with  still 
higher  concentrations  of  quinine  salt  (Table  3).  Here,  as  before,  the 
transition  point  was  well  marked.  It  was  obtained  when  a  concen 
tration  of  quinine  salt  amounting  to  0‘635  per  cent.,  i.e.  about  fourteen 
times  that  obtaining  in  the  first  series  |o'045  per  cent.]  and  nearly 


Table  3.  Haemolysis  of  red  blood  cells  b\  quinine  bihydrochloride,  in  nearly  fourteen 
times  the  concentration  employed  in  'Table  i.  Duration  of 
experiment  three  hours.  'I'cmperaiure  37:  C'. 


No.  of 
Experi¬ 
ment 

Composition  of 

Mixture  oh 

Red  Bi.ooi 

Cells  and 

Quinine  Solution. 

Quinine  hydrochloride  0*844. ‘Ig 

Weight  of  wet  red  blood  cells  22 
Weight  of  quinine  salt  i 

°'724'.’o 

I 

% 

.’^4 

1 

0-527 

47 

I 

°'44» 

.^7 

r 

I 

Complete 

Complete 

Complete 

Partial 

Slight 

2 

C’.ompletc 

Complete 

Marked 

Partial 

Slight 

.I 

Complete 

Complete 

Complete 

.Marked 

Slight 

4 

Complete 

Complete 

Complete 

Partial 

Slight 

5 

Complete 

Complete 

Complete 

Partial 

Slight 

two  and  a  half  times  that  present  m  the  second  series  [o' 155  per  centj , 
was  reached.  The  weight  of  the  red  blood  cells  haemolysed  was 
36' 5  times  that  of  the  quinine  salt  present.  As  in  the  second  series, 
so  again  here,  the  increase  in  the  amount  of  red  blood  cells  haemolysed 
is  not  in  the  same  proportion  as  is  that  of  quinine  salt  present,  but 
is  much  smaller  than  the  latter. 


B 
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Up  to  the  present  only  waished  red  blood  cells,  freed  Irom  plasma, 
have  been  considered.  In  Table  2,  however,  side  by  side  with  the 
results  obtained  with  washed  red  cells,  are  given,  in  brackets,  those 
obtained  with  the  same  amounts  of  red  cells  not  freed  from  plasma. 
The  haemolysis  in  the  latter  case  is  not  so  marked  as  in  the  former, 
the  transition  point  being  reached  when  a  concentration  of  quinine 
bihydrochloride  amounting  to  O’ 188  per  cent,  is  attained  (as  against 
0’I55  per  cent,  in  the  former  series),  and  the  weight  of  red  blood  cells 
haemolysed  is  thirteen  times  that  of  the  quinine  salt  present  (as 
against  i  S'6  in  the  former  series),  some  of  the  quinine  being 
apparently  taken  up  by  the  plasma  and  thus  prevented  from  acting 
upon  the  red  blood  cells.  There  is  also  noticeable,  less  regularity  in 
this  series,  when  compared  with  the  former.  This  is  perhaps  attri¬ 
butable  to  diurnal  variations  in  the  composition  of  the  plasma. 

In  Table  4  the  action  of  quinine  bihydrochloride  upon  red  blood 
cells  contained  in  more  or  less  diluted  oxalated  plasma  is  shown.  In 


Table  4.  Haemolysis  of  red  blood  cells  by  quinine  bihydrocholoride  dissolved  in  the 
blood  plasma.  Temperature  of  experiment  37®  C. 


Composition  of  Mixture  of  Oxalated 


Blood  and  Solution  of  Quininf. 


No.  of 

Source 

Bl  HYDROCHLORIDE 

Kxperi- 

of  blood 

ment 

blood 

Q.2IICI 

weight  of  wet  red  celh 
weight  of  Q.2HCI 

I 

Human 

96% 

0-21 

195  :  I 

92  “1. 

0-41  % 

c/, 

I 

3 

9°  % 

®  /o 

77 

r 

4 

89?'q 

0-54% 

71 

I 

h 

88  % 

°’57% 

67 

I 

6 

88% 

O’ 58% 

64 

1 

7 

,, 

87% 

0-62 

60 

I 

s 

•? 

87% 

0*62  % 

60 

I 

9 

84% 

0-8 1  % 

45 

I 

:o 

5°  % 

O’ 5. 3  % 

4^ 

r 

1 1 

Rabbit 

4Ub 

0'96% 

17  :  1 

Condition  of  mixture  at  end  of 
experiment 


Plasma  contained  0*6  %  of  dissolved 
haemoglobin 
at  the  end  of 
three  hours. 

U  *^*4  A)  J’ 

5)  0*8  j, 

V  1-8%  „ 

"  -'5%  ’! 

V  3’I% 

3  7.0  •} 

6-8  %  „ 

2'’*  r 

'3  h  .’U  M 

Red  cells  completely  haemolysed  at 
end  of  7  hours. 

Red  cells  completely  haemolysed  at 
end  of  15  mins. 


these  experiments  the  blood  employed  formed  from  42  per  cent,  to 
96  per  cent,  of  the  mixture.  As  in  the  preceding  experiments  the 
protective  action  of  the  plasma  is  well  marked.  Thus  in  Experiment 
9,  in  which  84  per  cent,  of  blood  is  present  and  the  concentration  of 


quinine  bihyclrochloride  is  0'8t  per  cent.,  complete  haemolysis  was  not 
attained  after  the  lapse  of  three  hours,  while  in  Table  3,  with  a 
concentration  of  the  quinine  salt  of  0’635  per  cent,  haemolysis  vvas 
complete  in  three  hours,  the  ratio  of  the  weight  of  red  blood  cells  to 
that  of  quinine  bihydrochloride  being,  in  the  first  case,  about  43  to  i, 
and,  in  the  .second  case,  36'4.  to  i. 

2.  Ac/ ion  of  quinine  in  /he  form  of  alkaloid  on 
red  blood  cells. 

So  far  the  action  upon  red  blood  cells  of  quinine  in  the  form  of  a 
salt  has  been  investigated.  Since  quinine  has  not,  however,  been 
shown  to  be  present  in  the  blood  in  the  form  of  a  quinine  salt,  but 
may  possibly  be  present  in  the  free  state,  it  was  therefore  decided  to 
investigate  the  action  of  quinine  in  the  alkaloidal  form  (Table  5). 
These  experiments,  owing  to  the  sparing  .solubility  of  alkaloidal 
quinine,  namely  one  in  about  sixteen  hundred  parts  of  water  at  15°  C., 
could  only  be  carried  out  in  very  dilute  solution.  The  series  of 
experiments  given  m  Table  5  is  similar  to  those  given  in  Table  I, 
except  that  the  free  alkaloid  is  employed  instead  of  the  quinine  salt. 
Here  it  is  seen  that  the  amount  of  haemolysis  is  less  than  when  the 
quinine  salt  was  employed,  the  transition  point,  which  as  before  is 
sharply  marked,  occurring  with  a  concentration  of  alkaloid  of  0-063 
per  cent.,  which  is  equivalent  to  O’oy;  per  cent,  of  quinine  bihydro¬ 
chloride,  while  the  weight  of  red  blood  cells  completely  haemolysed  is 
six  and  a  half  times  that  of  the  free  quinine  employed,  or  five  and  a 
quarter  times  that  of  the  corresponding  amount  of  quinine  bihydro¬ 
chloride. 


Table  5.  Haemolysis  of  red  blood  cells  by  quinine  in  alkaloidal  state.  Duration  of 
experiment  three  hours.  Temperature  37®  C. 


No.  of 
Experi¬ 
ment 

CoMPOSiTioK  OF  Mixture  of 

Rtu  Bi.ood 

C'f.lls  and  Quinine  Solution. 

Quinine  (alkaloid)  0*078 

Weight  of  wet  red  blood  cells  4-8 
W'eight  of  quinine  (alkaloid)  1 

0*063  ^*11 
6*4 

j 

0-052  “1,  0-045% 

8-0  q'6 

I  1  I 

o-ojg  0;, 

1  r*l 

i 

I 

Complete 

Complete 

Partial  Partial 

Trace 

2 

Complete 

Complete 

Partial  Slieht 

Trace 

3 

Complete 

Complete 

Partial  P.artial 

P.irtial 

4 

Complete 

Complete 

Marked  Marked 

'Prace 

5 

Complete 

Marked 

Marked  Partial 

Partial 

io 


It  may  here  be  pointed  out  that  in  these  experiments  quinine  is 
present  in  colloidal  solution,  and  that  film  formation  on  the  hqind-air 
surface  of  the  quinine  solution  is  very  marked.  If  such  a  solution  is 
several  times  poured  from  one  vessel  to  another  a  large  amount  of 
the  quinine  present  may  be  separated  out,  and  the  concentration  ol 
the  alkaloid  correspondingly  lowered.  It  is,  therefore,  necessary  to 
avoid  as  far  as  possible  any  procedure  likely  to  cause  such  separation 
of  quinine.  After  the  admixture  of  the  solution  of  alkaloidal  quinine 
with  emulsion  of  red  blood  cells,  the  tendency  to  film  formation  is  no 
longer  observable. 

3.  Action  of  hydrochloric  acid  on  red  bloqd  cells. 

The  quinine  salt  employed  in  the  experiments  recorded  in  Tables 
1  to  3,  when  dissolved  in  water,  becomes  m  part  hydrolysed  and  forms 
an  acid  solution.  It  becomes  therefore  desirable  to  institute  a 
comparison  between  the  action  of  hydrochloric  acid  and  of  quinine 
upon  red  blood  cells.  In  this  connection,  in  order  to  admit  of  a  wider 
range  of  comparison,  the  action  of  free  alkali  was  also  determined 
and  may  thus  be  contrasted  with  that  of  quinine  in  the  form  of  free 
base.  The  latter  experiments  are  given  in  the  succeeding  section. 

Table  6.  Haemolysis  of  red  blood  cells  by  hydrochloric  acid  dissolved  in  0-9  per  cent. 

NaCl  solution.  Duration  of  experiment  three  hours.  Temperature  37°  C. 


Composition  of  Mi.xturl  or  Red  Blood  Cells  and  Hydrochloric  Acid  Solution. 


No.  of 
Experi¬ 
ment 

Hydrochloric  acid  0*0137%! 

Weight  of  wet  red  cells  146 

Weight  of  hydrochloric  acid  i  ^ 

0-0114% 
182  . 

I 

o*oo<)8  “/(,  1 
2!g 

I 

o-oo86  %  1 

yj  i 

1 

0*0076 

292 

I 

- i 

I 

1 

Complete  ' 

Complete 

.  Partial 

Slight  i 

Slight 

2 

C'omplete 

Complete 

Partial 

Slight 

Slight 

3 

Complete 

Comnlcte 

Marked 

Slight  1 

slight 

4 

Complete 

Complete 

Complete 

Slight 

Slight 

5 

Complete 

1 

j  Complete 

Marked 

Slight 

Slight 

The  experiments  made  with  hydrochloric  acid,  which  was  dissolved 
in  O'Q  per  cent,  sodium  chloride  solution,  so  as  to  be  isotonic  with  blood 
plasma,  are  given  in  Table  6.  These  experiments  form  a  continuation 
of  those  given  in  Table  2,  with  hydrochloric  acid  in  place  of  quinine 
bihydrochloride.  The  action  of  hydrochloric  acid  in  causing 
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haemolysis  is  effective  in  much  weaker  concentration  than  is  quinine 
bihydrochloridCj  the  transition  point  being  reached  with  O'Oiiq  per 
cent,  of  hydrochloric  acid,  while  the  corresponding  weight  of  red  blood 
cells  haemolysed  was  one  hundred  and  eighty-two  times  that  of  the 
hydrochloric  acid  present.  The  action  of  hydrochloric  acid  was  not 
confined  to  the  liberation  of  haemoglobin  from  the  red  blood  cells. 
The  liberated  haemoglobin  quickly  underwent  a  further  change,  a 
soluble  substance  of  brown  colour,  much  more  stable  than  haemo¬ 
globin,  but  giving  no  absorption  bands  on  spectroscopic  examination, 
making  its  appearance. 

4.  Action  of  sodium  hydrate  on  red  flood  cells. 

The  action  of  caustic  alkali  on  red  blood  cells  differs  from  that  of 
the  preceding  haemolytic  agents,  inasmuch  as  with  it  the  transition 
point  at  which  complete  haemolysis  ceases  is  not  sharply  defined,  as 
will  be  seen  on  reference  to  Table  7,  which,  like  Table  6,  is  a  continua¬ 
tion  of  the  series  of  experiments  given  in  Table  2,  but  with  sodium 

Table  7.  Haemolysis  of  red  blood  cells  by  sodium  hydrate  dissolved  in  O'g  per  cent. 

NaCl  solution.  Duration  of  experiment  three  hours.  Temperature  37'  C. 

C'oMPosiTioN  OF  Mixture  of  Rkd  Hlood  Cells  .\nd  Sodium  Hydrate  Solution. 


No.  of 
Experi¬ 
ment 

Sodium  hydrate  o*o2i  9^ 

Weight  of  wet  red  cells  i  13 

Weight  of  sodium  hydrate  i 

0*0 1 8  % 

o-oi6  % 

t 

o-Qt5% 

166 

0-014 

173 

1 

Complete 

Almost 

complete 

Marked 

Marked 

Marked 

z 

Complete 

Almost 

complete 

Marked 

Marked 

Marked 

- 

Complete 

Complete 

Complete 

Complete 

Marked 

\ 

Complete 

Complete 

Complete 

Complete 

Marked 

5 

Complete 

Complete 

Complete 

Complete 

h'larked 

hydrate  substituted  for  quinine  bihydrochloride.  In  these  experiments 
haemolysis  was  complete  as  far  as  a  concentration  of  about  0'0i5  per 
cent,  (chemically  equivalent  to  0-145  per  cent,  of  quinine  bihydro- 
chloride).  At  this  concentration  the  weight  of  red  blood  cells 
haemolysed  was  one  hundred  and  sixty-six  times  the  weight  of  sodium 
hydrate  present.  Thus,  while  the  concentration  of  sodium  hydrate  in 
Table  7  is  only  one-tenth  of  that  of  quinine  bihydrochloride  in 


Table  2,  yet  the  weight  of  red  cells  haemolysed  by  sodium  hydrate  is 
nearly  ten  times  that  haemolysed  by  the  quinine  salt  during  the  same 
period  of  tune  at  the  same  temperature. 

5.  Action  of  quinine,  hydrochloric  acid  and  sodium  hydrate 
on  red^  blood  cells  compared . 

In  the  preceding  observations  the  concentration  of  the  various 
haemolytic  agents  has  been  given  in  percentage  terms.  For  the  sake 
of  comparison  all  these  results  are  grouped  together  in  Table  8. 
The  action  of  these  agents,  if  it  be  of  a  chemical  nature,  will  be  a 
molecular  action,  and  in  this  case  the  concentrations  employed  can  be 
compared  only  if  they  are  expressed  in  molar  form.  In  Table  8, 
therefore,  the  molar  concentration  is  given  by  the  side  of  the 
percentage  concentration,  and  similarly  the  maximum  weight  of  red 
blood  cells  haemolysed  is  given  not  only  in  terms  of  the  absolute 
weight  of  the  haemolytic  agent  present,  taken  as  a  unit,  but  also  in 
terms  of  a  gramme-molecule  of  the  latter,  taken  as  a  unit.  In  this 
fable,  in  addition  to  the  results  already  given  in  the  first  seven 
Tables,  an  additional  concentration  of  sodium  hydrate  at  the  transition 
point  is  also  given,  but  it  has  not  been  thought  necessary  to  give  the 
complete  table  from  which  this  result  has  been  taken,  for  a  further 
series  of  experiments,  with  slightly  lower  concentrations,  is  given  in 
Table  1 1. 


Table  8.  Showing  the  relative  amounts  of  human  red  cells  completely  haemolysed  in 
three  hours  by  quinine  bihydrochloride,  quinine  in  alkaloidal  state, 
hydrochloric  acid  and  sodium  hydrate. 


'Inblc 

Haemolytic 

aj^ent 

Concentration  of 
haemolytic  agent 

Weight  of  wet  red 
cells  :  Weight  of 
haemolytic  agent 

VVet  red  cells  (in 
grammes)  :  Haemo¬ 
lytic  agent 
(gramme-molecule) 

I 

Q.  2  HCl 

0-0450%  =  0-00 1 13  Al 

10*4  :  I 

4130  :  I 

2 

5? 

O' 1^50%  =  0-00389  M 

15-6:1 

6200  :  r 

.1 

Q.  (alkaloid) 

0-6350  %  =  0-01 600  M 

36-4  :  I 

14430  :  I 

5 

0-0628  %  =  0-00198  M 

6*4  :  T 

2070  ;  r 

6 

M  ci 

0*0114%  =  0*00320  M 

182-0  :  1 

6640  :  I 

NnOI  1 

0*0157%  ==  0*00380  M 
0*0090%  =  0*00226  M 

1 66*0  :  1 

133*0  :  1 

6640  :  I 

5320  :  I 

If  the  solutions  employed  to  produce  haemolysis  are  compared  in 
respect  of  actual  percentage  of  haemolytic  agent  present,  it  will  be 
seen  that  hydrochloric  acid  is  by  far  the  most  potent  of  the  four 
made  use  of.  Sodium  hydrate  comes  close  to  hydrochloric  acid,  while 
quinine,  even  in  higher  concentrations,  is  a  relatively  feeble  haemolytic 
agent,  especially  if  employed  in  the  alkaloidal  state.  When, 
however,  the  maximum  weight  of  red  blood  cells  completely  haemo- 
lysed  is  compared,  not  with  the  actual  weight  of  haemolytic  agent 
present,  but  instead,  with  the  weight  of  red  blood  cells  haemolysed 
by  a  gramme-molecule  of  the  haemolytic  agent,  then  it  is  seen 
that,  molecule  for  molecule,  the  above  difference  largely  disappears, 
and  the  weight  of  wet  red  blood  cells  haemolysed  varies  m  the 
different  experiments  within  somewhat  narrow  limits.  The  results 
collected  together  in  Table  8  are  not,  however,  altogether  suitable 
for  close  comparison  since  the  molecular  concentrations  in  the 
different  series  are  not  identical.  In  order  to  permit  of  a  closer  com¬ 
parison,  three  additional  series  of  experiments  were  carried  out  with 

Table  9.  Haemolysis  of  wet  red  blood  cells  by  quinine  in  alkaloidal  state.  Duration 
of  experiment  three  hours.  Temperature  37'’  C. 

I  Composition  of  Mixture  of  Red  Blood  Cells  and  Quinine  Solution. 

No.  of  _ 


Experi¬ 

ment 

Quinine  (alkaloid)  0'0366  % 

Weight  of  wet  red  cells  2*4 

Weight  of  quinine  (alkaloid)  i 

0-0366  % 

I 

0*0366 

4*8 

^0 

- 

0 

6 

0*0366  pQ 
8-0 

I 

I 

Complete 

Complete 

Marked 

Partial 

Slight 

2 

Complete 

Complete 

Complete 

Marked 

Marked 

3 

Complete 

Complete 

Complete 

V’^ery 

Marked 

Partial 

4 

Complete 

Complete 

Complete 

Marked 

Slight 

s 

Complete 

Complete 

Complete 

•Almost 

complete 

Marked 

quinine  in  the  free  state,  hydrochloric  acid  and  sodium  hydrate,  each 
series  having  the  molar  concentration  0'00ii3,  and  thus  possessing 
the  concentration  of  the  transition  point  in  Table  i.  These  experi¬ 
ments  are  given  in  Tables  g,  lo  and  1 1,  and  the  concentrations  at  the 
transition  points  are  collected  together  in  Table  12.  No  further 
reference  is  required  at  this  point  to  Tables  g,  10  and  ii.  In  Table 
12  it  is  seen  that,  when  equimulecular  concentrations  are  employed, 
the  weight  of  red  blood  cells  completely  haemolysed  in  three  hours 
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a-t  37°  C.  is  in  every  case  nearly  the  same,  vaiying  within  very  narrow 
limits,  hydrochloric  acid  and  sodium  hydrate  haemolysing  in  the 
concentration,  given  respectively  3,220  and  4,520  parts  by  weight  of 


TABi-t  to.  Haemolytiis  of  red  blood  cells  by  hydrochloric  acid  dissolved  in  o'g  per  cent. 
NaCl  solution.  Duration  of  experiment  three  hours.  Temperature  37°  C. 


Composition  of  Mixture  of  Red  Blood  Cells  and  Hydrochloric  Acid 

N'o.  of  I _ _ _ _ _ _ _ 


Experi¬ 
ment  Hydrochloric  acid  0-0041  % 

Weight  of  wet  red  cells  34-7 

Weight  of  hydrochloric  acid  i 

1 

0-0041  % 
72-9 

0-0041  % 

QI-I 

0*0041  % 
log 

0-0041  % 
127 

•  I 

I  Complete 

Complete 

Complete 

Slight 

Trace 

2  Complete 

Complete 

Complete 

Slight 

Trace 

3  ^  Complete 

Complete 

Complete 

Slight 

Tra.-:e 

wet  red  blood  cells  per  gramme-molecule  of  haemolytic  agent,  quinine 
in  the  alkaloidal  form  1,550)  micl  quinine  bihydrochloride  4,130  parts 
of  red  cells.  Quinine  in  the  alkaloidal  form,  as  already  mentioned,  is 
in  colloidal  solution  in  water.  The  low  figure,  which  it  gives,  as 
compared  with  hydrochloric  acid  and  sodium  hydrate,  which  are  in 
true  solution  and  nearly  completely  ionised,  may  possibly  be  in  part 
determined  by  the  physical  condition  of  hydrosol  in  which  the 


Table  ii.  Haemolysis  of  red  blood  cells  by  sodium  hydrate  dissolved  in  o'y  per  cent. 
NaCl  solution.  Duration  of  experiment  three  hours.  Temperature  37°  C. 


No.  of 

Composition  of  Mixture  of  Red  Blood 

Cells  and 

Sodium  Hydrate 

Experi¬ 

ment 

Sodium  hydrate  o'oc>45 

Weight  of  wet  red  cells  93 

Weight  of  sodium  hydrate  i 

0-0045  ”0 
'■3 

°-o°45  % 
"3 

0-0045  % 
'53 

0-0045  % 
173 

I 

1 

Complete 

Complete 

Marked 

Slight 

Trace 

2 

Complete 

Complete 

Almost 

complete 

Marked 

Trace 

3 

Complete 

Almost 

complete 

Marked 

Slight 

Trace 

alkaloidal  quinine  exists.  On  the  other  hand  quinine  bihydrochloride 
is  in  part  hydrolysed,  so  that  we  have  here  to  do  with  a  triple  effect, 
the  solution  being  in  reality  a  mixture  of  quinine  salt,  quinine  in  the 
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alkaloidal  form,  and  hydrochloric  acid.  On  this  account  the  produc¬ 
tion  of  a  relatively  greater  degree  of  haemolysis  is  to  be  expected.” 
Taking  all  these  facts  into  consideration,  the  results  in  Table  12 
certainly  suggest  that  in  all  cases  the  same  process  is  at  work,  in 
other  words,  that  whether  haemolysis  is  caused  by  quinine  salt,  by 
quinine  in  the  alkaloidal  state,  by  hydrochloric  acid,  or  by  sodium 
hydrate,  an  identical  reaction  occurs.  This  point  will  be  further 
referred  to  in  the  next  section. 

In  addition  to  their  haemolytic  power  the  four  substances  in 
question  may  also  be  compared  in  respect  of  several  other  features. 
In  the  first  place  the  sharpness  of  the  transition  point  may  be 
considered.  This,  as  has  already  been  mentioned,  is  well  defined  for 
quinine  bihydrochloride,  quinine  in  the  free  state  and  hydrochloric 
acid.  If  the  series  of  tubes,  in  which  the  mixtures  of  haemolytic 
agent  and  red  blood  cells  are  contained,  is  examined  at  the  end  of 
three  hours  at  37°  C.,  it  is  found  that  haemolysis  is  complete  in  all 
tubes  up  to  the  transition  point.  In  the  next  tube  there  is  more  or 
less  incomplete  haemolysis.  In  the  succeeding  tube  the  haemolysis  is 
slight,  and  in  further  tubes  the  supernatant  liquid,  left  after  centri- 
fugalising,  shows  no  indication  of  laking  recognisable  with  the  naked 
eye.  With  sodium  hydrate,  however,  although  the  transition  point 
can  be  recognised,  there  is  no  sudden  cessation  of  haemolysis  in  the 
tubes  lying  beyond  this  point,  but  instead  the  degree  of  haemolysis 
lessens  very  gradually,  most  of  the  red  cells  present  in  the  fifth  or 
sixth  tubes  beyond  that  of  the  transition  point  being  genera  11}' 
haemolysed. 

Table  12.  Comparison  of  the  action  on  human  red  blood  cells  of  quinine  bihydro- 
chloridc,  quinine  in  alkaloidal  state,  hydrochloric  acid  and  sodium  hydrate  in  the  same 
molecular  concentration.  The  amounts  of  red  cells  given  were  the  largest  amounts 
which  could  be  completely  haemolysed  in  three  hours  at  37°  C. 


Table 

Haemolytic 

agent 

Concentration  of 
haemolytic  agent 

Weight  of  wet  red 
cells :  \^'eight  of 
haemolytic  agent 

Wet  red  cells  (in 
grammes)  :  haemo¬ 
lytic  agent 
(gramme-molecule) 

I 

Q.  2  HCl 

0-0450%  =  0-001 1 3  M 

10*4  :  I 

4130  :  I 

9 

Q.  (alkaloid) 

0*0366  %  =  0*00113  M 

4-8  :  1 

1550  :  1 

10 

HCl 

0-0041  %  =  0-001 13  M 

91*1  :  ! 

3220  I 

1 1 

NaOH 

0-0045  %  =  0-00113  M 

I  I  3  :  I 

4520  ;  I 

*  In  0-00113  iVi  concentratiiiu  quinine  bihytlrochloritie  is  hydrolysed  to  the  extent  of 
about  ten  per  cent. 


A  further  difference  between  the  haemolytic  agents  lies  m  their 
action  in  producing  a  further  change  in  the  haemoglobin  liberated 
from  the  red  cells.  Hydrochloric  acid  produces  the  most  marked 
effect,  rapidly  and,  in  the  stronger  solutions,  in  Table  6,  completely 
changing  the  liberated  haemoglobin,  so  that  a  brown  solution  results, 
which,  as  already  mentioned,  gives,  on  spectroscopic  examination,  no 
absorption  bands.  In  less  concentrated  solutions  the  appearance  of 
the  brown  coloration  is  less  marked,  but  continues  to  increase  when 
the  tube  is  kept.  Quinine  bihydrochloride  also  produces  the  same 
change,  especially  in  the  more  concentrated  solutions  which  were 
employed,  but  in  much  less  degree.  In  the  more  concentrated 
solutions  of  sodium  hydrate  also  the  brownish  coloration  is  produced. 
On  the  other  hand,  quinine  in  the  free  state  produces  little  change  of 
this  kind,  the  tubes  in  which  it  is  contained  not  turning  appreciably 
brown.  Moreover,  emulsions  of  red  blood  cells  laked  by  free  .quinine 
exhibit  little  difference,  as  far  as  the  haemoglobinometer  reading  is 
concerned,  from  emulsions  of  the  same  strength  laked  with  distilled 
water,  and  the  haemoglobin  set  free  from  red  blood  cells  by  alkaloidal 
quinine  changes  very  slowly  on  keeping,  so  that  the  haemoglobino- 
meter  reading  does  not  vary  during  the  period  of  three  hours  to  a 
degree  sufficient  to  vitiate  the  experiment,  as  is  the  case  with  the 
remaining  three  haemolytic  agents.  Quinine  bihydrochloride  was 
found  to  cause  the  appearance  of  a  relatively  small  amount  of 
methaemoglobin. 

A  third  point  of  considerable  interest  bearing  on  the  nature  of  the 
process  of  haemolysis  lies  in  the  amount  of  haemolysis  which  the 
different  concentrations  of  the  haemolytic  agents  are  capable  of 
producing.  Table  8  shows  that  the  weight  of  red  blood  cells 
completely  haemolysed  in  three  hours  by  quinine  bihydrochloride  is 
approximately  proportional  to  the  square  root  of  the  concentration, 
for  on  reference  to  Experiments  i,  2  and  3  it  is  seen  that  the  weight 
of  red  cells  is  10-4,  I5'6  and  36'4  that  of  the  quinine  salt,  while  the 
respective  concentrations  of  the  latter  are  0‘045  per  cent.,  o'iss  per¬ 
cent.  and  0-635  cent.  If  the  weight  of  red  blood  cells  completely 
haemolysed  were  exactly  proportional  to  the  square  roots  of  the 
concentration  of  quinine  salt,  the  first  figures  would  be  10-4,  i8'5  and 
39-3  respectively,  a  difference  which  is  well  within  the  range  of 
experimental  error.  For  the  concentrations  of  hydrochloric  acid  and 
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sodium  hydrate  employed,  which  are  well  m  the  nighbourhood  of  the 
lowest  concentration  of  quinine  bihydrochloride,  the  weight  of  red 
blood  cells  completely  haemolysed  per  unit  weight  of  the  haemolytic 
agent  is  also  ajiproximately  proportional  to  the  square  root  of  the 
latter.  Thus  m  the  case  of  hydrochloric  acid  the  maximum  weight 
of  wet  red  blood  cells  completely  haemolysed  in  three  hours  m 
concentrations  of  o'ooi  14  per  cent,  and  o'ooqi  per  cent,  respectively  is 
182  and  91,  the  calculated  amounts  being  1 53  and  gi.  Similarly  with 
concentiations  of  sodium  hydrate  of  0'0i  57  per  cent.,  o'oogo  per  cent, 
and  0-0045  per  cent,  the  maximum  weights  of  red  blood  cells  com¬ 
pletely  haemolysed  in  three  hours  at  37°  C.  were  resjrectively  166,  133 
and  1 13,  per  unit  weight  of  the  haemolytic  agent,  the  calculated 
amounts  being  163,  136  and  113.  In  the  case  of  quinine  in  the  free 
state,  although  here,  in  consequence  of  the  sparing  solubility  of  the 
alkaloid  and  the  limited  range  of  concentration  available,  it  has  not 
been  possible  to  determine  this  point  with  sufficient  accuracy  to  enable 
an  altogether  satisfactory  proof  of  the  relationship  between  con- 
centiation  and  haemolytic  power  to  be  given,  the  concentrations 
employed  being  somewhat  close  together  and  the  experimental  error 
relatively  large  in  consequence,  yet  the  figures  obtained— 6-4  and  4-8 
for  the  red  cells  and  0-0628  per  cent,  and  0-0366  per  cent,  for  the 
concentration—  indicate  that  the  former  is  proportional  to  the  square 
root  of  the  latter,  the  calculated  amounts  for  the  red  cells  being  5-8 
and  4'8  respectively. 

6.  Na/ure  of  ilu  action  of  quinine  in  the  alkaloidnl  state  on 
red  blood  cells. 

When  haemoglobin  is  set  free  the  action  of  the  haemolytic  agent 
is  not  duected  to  the  red  cell  as  a  whole,  for  the  cell  is  not  chemically 
homogeneous,  but  to  one  of  its  constituents.  Whether  this  constituent 
IS  haemoglobin  itself  or  is  part  of  the  stroma,  as  in  the  case  of 
haemolysins  produced  as  antibodies  by  the  injection  of  red  cells  into  a 
foreign  organism,*  is  not  determined  by  our  further  experiments, 
which  have  instead  been  directed  to  the  problem,  what  is  the  nature 
of  the  action  of  the  haemolytic  agents  which  have  been  used  in  the 

*  Ivar  Bang  mid  J.  Forssinaii,  Untersuchungen  iiber  die  H!imoly.sinbi]dmig.  Zeitschr 
1.  d.  ges.  Biochemie,  1906.  Bd.  -Vtll,  .S.  238.  "  ® 


preceding  investigation,  in  particular,  is  their  action  a  chemical  action, 
or  does  a  purely  physical  process  take  place  ? 

With  a  view  to  finding  an  answer  to  this  enquiry,  it  was  decided 
to  determine  the  reaction  rate  at  which  haemolysis  proceeds  m  the 
heterogeneous  system  formed  by  red  blood  cells  suspended  in  liquid 
containing  a  haemolytic  agent.  This  was  found  to  be  possible  only 
in  the  case  of  quinine  in  the  alkaloidal  state,  the  remaining  three 
haemolytic  agents  causing,  in  addition  to  haemolysis,  decomposition 
of  the  liberated  haemoglobin,  and  thus  preventing  the  estimation  of 
the  amount  liberated  from  being  carried  out. 

The  mode  of  procedure  finally  adopted  for  the  determination  of 
the  reaction  rate  of  quinine  in  the  alkaloidal  state  was  as  follows.-  — 

Method.  About  loo  c.cm.  of  an  emulsion  of  washed  red  cells  in 
0'9  per  cent,  sodium  chloride  solution  containing  0’0358  per  cent.  = 
O'OOioS  M.  of  quinine  was  prepared.  This  was  placed  in  a  water  bath 
kept  within +  0'5°  C.  of  the  temperature  selected  for  experiment.  The 
emulsion  was  shaken  up  every  fifteen  minutes  and  at  the  end  of  an 
hour,  and  subsequently  at  half  hourly  intervals,  samples  of  the 
emulsion  measuring  about  lo  c.cm.  were  pipetted  off  and  the  per¬ 
centage  of  haemoglobin  (in  terms  of  the  equivalent  amount  of  health)’ 
red  cells  in  the  moist  condition)  present  in  the  supernatant  liquid  after 
centrifugalisation,  diluted  if  necessary  with  one  to  three  parts  ot 
distilled  water,  determined  by  means  of  a  haemoglobmometer,  the 
absolute  value  of  the  readings  of  which  had  been  previously  ascer¬ 
tained  in  terms  of  the  equivalent  weight  of  red  cells  of  one  of  us  taken 
as  a  standard.  Inasmuch  as  the  laked  haemoglobin  undergoes  a  slight 
deterioration  during  the  course  of  the  experiment,  a  small  correction, 
representing  the  mean  of  several  determinations,  and  amounting  to 
0'5  division  of  the  haemoglobinometer  scale  per  hour,  was  applied  to 
the  leadings.  This  correction  is  slight  for  the  earlier  haemoglobin 
estimations,  and  negligible  for  the  later  ones.  The  haemoglobino- 
metei  leadings  were  readily  made,  the  variations  between  successive 
readings  of  the  same  .solution  lying  within  +  2  per  cent,  of  the  whole, 
and  for  readings  lying  between  25  and  G5  on  the  scale  being  usually 
identical. 

A  series  of  estimations  of  the  actual  and  percentage  amounts  of 
red  blood  cells  haemolysed  in  successive  periods  of  time  is  given  in 
Table  13.  The  initial  concentra.tion  of  red  cells  in  the  emulsion  was 
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psi'  cent.,  and  the  percentage  of  quinine  in  the  free  state  0'035(S 
per  cent.  =  o'ooio8  M.  To  the  results  given  in  tire  second  and  third 
columns  the  formulae  for  bimolecular  and  multimolecular  reaction 


Table  13.  'i'hc  rate  of  haemolysis  of  red  blood  cells  by  a  0*03  58  %  solution  of  quinine 
in  0*9%  solution  of  sodium  chloride.  The  ratio  of  the  weight  of  wet  red  cells  to  the 
amount  of  quinine  present  is  r2’6  ;  i.  Temperature  of  experiment  37°  C. 


'Time 

Concentration  of 

Same  in  percentage 

1 

wet  red  cells 

of  0*476 

c; 

^0 

0  min. 

0-476  «■„ 

100*0 

h 

50  ., 

0-432% 

(jO'S 

0‘000i) 

h 

80 

0-396  % 

8  2-0 

0*001  I 

h 

I  ro  ,, 

o’.U'  "0 

7'7 

0*001 

<1 

140 

0-258% 

i4--! 

0*00  iq 

h 

170  ,, 

0-188% 

0*0024 

200 

0-146% 

30-7 

0*002  I 

/j 

230 

0-074  % 

21*2 

0*0029 

^8 

260  ,, 

0-029  0;, 

6-1 

0*0047 

1 

Mean  0*0022 

rates  were  applied,  but  the  values  of  K  obtained  were  so  divergent 
that  these  two  reaction  rates  may  be  excluded  from  consideration. 
In  Table  13  the  reaction  rate  constant  for  monomolecular  reactions, 
is  calculated  in  the  last  column  The  values  obtained 
range  between  o'ooog  and  o'ooqy,  the  mean  being  0'0022.  The 
variations  in  the  value  of  K  are  greatest  at  the  beginning  and  end  of 
the  process  of  haemolysis,  being  low  at  the  former  and  high  at  the 
latter.  If,  however,  the  period  tg  to  t.^  is  alone  considered,  the 
variations  are  much  less,  and  during  this  period  the  reaction  follows 
fairly  closely  a  monomolecular  rate. 


Table  14.  Reaction  rate  constant  of  the  experiments  recorded  in  Table  13  recalculated. 


Concentration  of 

Same  in  percentage 

1 

log 

^11  1  J 

Time 

wet  red  cells 

of  0*476 

hi  '  1“ 

0  min. 

0-476  % 

100*0 

?o  „ 

0-432  % 

qo-8 

0*0009 

1-2 

80  „ 

0-396% 

82-0 

0*0015 

h 

no  „ 

0-34I  % 

71-7 

0*0019 

1 

u 

140 

0-238  % 

34-2 

0*0040 

Mean 

h 

170  .. 

0-188  % 

39-5 

0*0045 

^  h  to  /, 

^6 

200  ,, 

0-146% 

30-7 

0-0037 

0-0039 

h 

2.8°  „ 

0-074  % 

21*2 

0*0054 

) 

h 

260 

0-029 

6*1 

0*0183 

The  mode  of  calculating  K  adopted  ui  Table  13,  namely  by 
determining  K  for  a  series  of  periods,  each  of  which  commences  at  the 
same  point  of  time,  that  is  to  say,  the  time  at  which  the  experiment 
is  begun,  is  well  adapted  for  showing  progressive  variations  in  the 
values  of  K,  since  in  this  way  the  irregularities  due  to  error  of  estima¬ 
tion  become  less  accentuated.  The  latter  are  greatest  when  K  is 
calculated  for  every  pair  of  successive  estimations,  as  is  done  in 
Table  14,  where  the  values  obtained  present  greater  irregularities  than 
in  Table  13.  The  method  of  calculation  adopted  in  Table  14  gives  a 
more  correct  average  for  the  period  t^  to  t,-,  than  is  obtainable  by  the 
method  employed  in  Fable  13.  In  Table  13  the  percentages  of  red 
cells  haemolysed  are  calculated  from  the  average  value  of  K  between 


Tabt-F-  Is-  Comparison  of  percentages  found  in  Ta'ble  13  and  those  calculated  from  the 

value  of  K  —0*0031}. 


Time 

'11  +  l-<n 

(^1 4 1  — 

/n) 

Concentration  of 
wet  red  cells 

Calculated 

Found 

i(i 

0  min. 

[187-21 

poo] 

;o  „ 

^0  min. 

0*0039  X  30 

=o*i9;=|og  T 

•37='"? 

187-2 

1  TC)-2 

[1 19-2] 

I90-8] 

So  „ 

30 

3° 

=o-ii7=loK 

•31  =log 

119*  2 

91-2 

|c)I-2l 

I82-0] 

1  10  ,, 

.30 

=lQg 

69-3 

7''7 

'.i 

14°  .1 

30 

.. 

•• 

=  log 

69-3 

33-1 

53-' 

54-2 

'5 

170 

30  „ 

1*  11 

•• 

=  log 

ill' 

40-5 

40-5 

.39-5 

200  ,, 

.30  1, 

’1  11 

11 

=  log 

40- 5 
30-9 

30-9 

30-7 

'7 

23°  .. 

30  .. 

11  ij 

11 

=  log 

3°-Q 

23-6 

23-6 

2i*r 

^8 

160  „ 

3*^  51 

11  11 

>1 

=log 

i8*i 

[.8-,] 

[6-1] 

t^  and  t.j  obtained  m  Table  14.  It  is  seen  that  within  this  period  there 
is  a  close  correspondence  between  the  calculated  and  observed 
percentages.  A  comparison  of  the  calculated  and  observed  results, 


u 

preceding  and  following  this  period,  which  are  given  in  brackets, 
shows,  as  is  also  seen  in  Tables  13  and  14,  the  extent  to  which  at  the 
beginning  haemolysis  proceeds  slowly  and  towards  the  end  progresses 
with  increased  rapidity.  The  cause  of  this  initial  delay  and  final 
acceleration  of  the  process  of  haemolysis  is  not  (dear ;  it  may 
perhaps  be  dependent  upon  the  jihysical  conditions  under  which  the 
interaction  of  cell  and  haemolytic  agent  occurs.  It  is,  however, 
established  by  the  above  experiments  that  the  reaction  in  question 
during  the  greater  part  of  its  course  resembles  a  chemical  reaction 
monomolecular  in  character,  presenting,  however,  an  initial  retarda¬ 
tion  and  final  acceleration. 

In  Table  16  the  series  of  experiments  given  in  Table  13  is 
repeated,  and  seven  other  series  added.  In  these  the  reaction  rate 
constant  is  calculated  for  the  period  t,  to  t^,  the  starting  point  being 
t^  instead  of  t„  as  in  Table  13.  This  method  of  calculation  has  been 
adopted  because  of  the  difficulty  of  ascertaining  the  precise  moment  at 
which  the  temperature  of  the  emulsion  becomes  identical  with  that  of 
the  water  in  the  bath.  In  these  different  series  of  experiments 
haemolysis  is  seen  to  follow  pretty  closely  a  monomolecular  rate 
except  at  the  beginning  and  end  of  the  reaction,  when  the  respective 
slowing  and  acceleration  already  referred  to  occur,  while  on  the  other 
hand  a  bimolecular  or  multimolecular  rate  is  excluded  by  the  much 
wider  range  of  variation  in  the  value  of  the  constants  calculated  for 
such  reaction  rates.  The  actual  reaction  rate  as  shown  by  the  values 
of  K  varies  from  day  to  day  even  in  the  same  healthy  individual,  the 
variations  being  greater  in  the  series  Y,  to  than  in  the  series 

to  The  cause  of  these  variations,  which  appear  to  lie  outside 

the  range  of  experimental  error,  is  obscure.  It  is  true  that  variations 
occur  in  the  red  blood  cells  employed  in  different  experiments.  In 
particular,  it  was  constantly  found  that  although  the  percentage 
weight  of  wet  red  cells  in  the  emulsions  was  always  the  same,  namely, 
_  0'444  per  cent.,  being  determined  by  means  of  the  haemocrit,  yet 
when  the  red  blood  cell  content  of  the  emulsions  was  determined 
(after  laking  with  distilled  water)  by  means  of  a  haemoglobinometer 
reading  the  result  was  different  in  each  case  Thus  in  the  experi¬ 
ments  recorded  in  Table  16  the  haemoglobinometer  determinations  of 
the  emulsions  were  found  to  vary  from  0’476  per  cent,  to  0'532  per 
cent.  These  variations  are  too  large  to  be  accounted  for  as  due  to 
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error  of  experiment.  Moreover,  such  diurnal  variations  in  health 
have  their  counterpart  in  the  much  larger  variations  in  disease,  as 
will  be  seen  later  in  Table  24.  Here  we  have  evidence  of  variation 
in  the  content  of  haemoglobin  per  unit  volume  of  wet  red  blood  cells 
which  is  capable  of  independent  variation  in  health.  When,  however, 
the  variations  in  haemoglobin  in  different  samples  of  blood  from  the 
same  individual  in  Table  16  are  compared  with  corresponding  values 
of  K,  it  is  seen  that  no  constant  relationship  between  the  two  is 
recognisable.  The  mean  value  of  K  at  37°  C.  for  the  Y  series  is 
0‘003S,  and  for  the  B  series  0^0030. 

In  monomolecular  reaction  rates  at  different  temperatures  the 


relation 


holds,  Ti  and  being  the  absolute  temperatures  at  which  two  estima¬ 
tions  of  K  are  carried  out.  To  ascertain  if  this  relation  held  for  the 
haemolysis  of  red  cells  by  quinine,  the  series  of  experiments  recorded 
in  Table  17  were  carried  out  at  temperatures  of  37°  C.,  31°  C.  and 
25°  C.  respectively,  the  concentration  of  quinine  (in  the  alkaloidal 
state)  being  0  001 1 3  M.  (0’0366  per  cent.).  In  order  to  avoid  the 
effect  of  the  diurnal  variations  in  the  composition  of  the  red  cells, 
illustrated  in  Table  16,  each  of  the  three  sets  of  determinations 
(Experiments  i  to  4,  Table  17)  was  carried  at  the  same  time  with 
portions  of  the  same  emulsion  of  red  cells  in  quinine  solution.  In 
Table  18,  with  the  aid  of  the  values  of  K  obtained  from  Table  I7i 
the  value  of  was  determined.  Before  proceeding  to  consider  the 
value  of  the  latter  constant,  however,  a  few  remarks  may  be  made 
upon  the  data  obtained  in  the  former  Table. 

In  the  first  place,  it  is  to  be  observed  that  the  same  initial  delay  and 
terminal  acceleration  of  the  process  of  haemolysis,  which  has  already 
been  noted  at  37°  C.  in  Table  16,  occurs  also  at  31°  C.  and  25°  C. 
When  the  concentration  of  the  red  cells  has  been  reduced  by 
haemolysis  to  about  80  per  cent.,  the  reaction  proceeds  at  all  three 
temperatures  at  a  tolerably  constant  rate  until  the  concentration  of  red 
cells  reaches  about  20  per  cent.  Between  these  limits  the  values  of  K, 
calculated  for  a  monomolecular  rate,  do  not  exhibit  any  very  great 
variation ;  when  calculated  for  a  bimolecular  or  multimolecular 
reaction  rate,  the  variations  obtained  are  sufficiently  great  to  exclude 


c 
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these  reaction  rates.  Above  the  upper  limit  the  values  of  K  for  a 
monomolecular  reaction  rate  become  increasingly  small,  and  below  the 
lower  limit  they  become  increasingly  high.  The  marked  character  of 
the  initial  retardation  and  final  acceleration  is  also  well  illustrated 
when  the  percentages  (enclosed  in  brackets  in  Table  17),  lying  with¬ 
out  the  limits  just  given,  are  calculated  according  to  the  mean  values 
of  K  obtaining  within  these  limits.  Two  interpretations  may  be  placed 
upon  the  different  course  taken  by  the  reaction  at  its  commencement 
and  its  termination:  it  may  be  that  the  reaction  rate  is,  in  itself, 
complex  in  character,  becoming  simple  and  monomolecular  in  one 
stage  of  its  course  ;  or  it  may  be  that  the  physical  conditions,  under 
which  the  reaction  takes  place,  are  such  as  to  influence  its  rate  at  the 
beginning  and  again  towards  the  end  of  the  haemolysis,  but  not  to  any 
considerable  extent  in  the  rest  of  its  course.  In  favour  of  the  latter 
interpretation  is  the  fact  that,  on  the  one  hand  alkaloidal  quinine  is  in 
colloidal  solution,  and,  therefore,  cannot  enter  into  a  chemical  reaction 
so  readily  as  if  it  were  in  true  solution,  while  on  the  other  hand  the 
red  cell  is  surrounded  externally  by  a  membrane,  which  may  offer 
physical  difficulties  to  the  entrance  of  the  haemohlic  agent  into  its 
interior. 


Table  i8.  Determination  of  value  of  fx  from  experiments  recorded  in  Table  17. 


No.  of 
Experi¬ 
ment  . 

Temperature 
of  experi¬ 
ment 

Value  of  K 
determined 
by  experi¬ 
ment  (Table 

•7) 

Value  of  calculated  from 

formula 

=  e  ^  V  T-,  T,  y 

Percentage 
of  red  cells 
at  beginning 
of  experi¬ 
ment  deter¬ 
mined 
by  haemo-* 
globino- 
meter 

Value  of  K 
calculated 
from 

fX  r=  [5,000 

I 

37“  t:. 

0*0078 

r;{70  and  i-ijo 

mean 

0*408 

0*0074 

3.“C. 

0-0043 

^37®  and 

I ! 500  ^ 

0-408 

0*0046 

11 

Z5“  C. 

0*0032 

iai-  and 

8800 1 

0-408 

0-0028 

2 

37°  C. 

0*0071 

and  /si® 

J  5000 

0*400 

0*0071 

>5 

31°  C. 

0*0044 

0*400 

0*0044 

)? 

25°  C, 

— 

0*400 

0*0027 

3 

37°  <-'■ 

0*0102 

/370  and  /.qjo 

23000) 

0-540 

0*0087 

n 

31°  C. 

0*0047 

and  /.J50 

14000 

0-540 

0*0054 

}) 

25’  C. 

0*0040 

4,1=  and  /.jj” 

4000  1  ^ 

0-540 

0*0033 

4 

37°  C. 

0*0030 

and  /hi® 

22000  1 

0*528 

0*0026 

31°  C. 

0*0015 

^37°  and 

18000 

0-528 

0*00 1 6 

)3 

25“  C. 

0*00095 

r.si=  and  (jjo 

14000  I 

0-528 

0*0010 
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Presumably  dependent  on  the  same  cause  are  the  variations  in  the 
values  of  K  observable  in  the  individual  experiments  in  Table  17. 
These  are  greater  than  those  in  Table  16,  ranging  at  37°  C.  between 
0'0030  and  0‘0I02  (or,  when  recalculated  from  the  mean  value  of  n, 
between  0-0026  and  0-0087).  Table  17  shows  that,  in  each  emulsion 
these  individual  variations  characterise  the  reaction  rate  at  all 
temperatures  employed  ;  thus  if  the  rate  is  rapid  at  37°  C.,  it  is  also 
rapid  at  31°  C.  and  at  25°  C.,  and  if  relatively  slow  at  the  first 
temperature  it  is  also  relatively  slow  at  the  lower  temperatures.  This 
relationship  is  seen  at  a  glance  in  Table  ig,  which  illustrates  the 
necessity  of  making  simultaneous  observations  of  the  reaction  rate  of 
the  same  emulsion  at  different  temperatures  in  order  to  determine  the 
value  of  n  ;  obviously  values  of  K  taken  at  random  from  different 
experiments  are  of  no  value  for  this  purpose.  It  will  be  noticed  also 
that,  owing  to  the  large  number  of  observations  which  require  to  be 
made,  and  the  rapidity  with  which  reaction  proceeds  at  37°  C.,  some 
difficulty  IS  experienced  in  obtaining  a  sufficient  number  of  estima¬ 
tions  lying  between  80  per  cent,  and  20  per  cent,  at  this  temperature. 
The  values  lying  beyond  these  limits,  which  are  neglected  in 
calculating  the  mean  value  of  K,  are  indicated,  in  the  Table,  with  an 
asterisk.  In  Table  18  the  initial  percentages  of  red  cells  in  the 
different  experiments  are  given ;  no  definite  relation  between  the 
concentration  of  red  cells  employed  and  the  values  of  K  or  fi  is  to  be 
observed. 


Table  19.  Comparison  of  values  of  K  at  different  temperatures. 


No.  of  Experiment. 

Calculated  fo 

r/2  = 

15000 

Mean 

T 

I 

2 

3 

4 

I 

2 

3 

4 

37°  C. 

0*0078 

0*007 1 

0*0102 

0*0030 

0*0074 

0*007  * 

0-0087 

0-0026 

0-0065 

31°  c. 

0*0043 

0*0044 

0*0049 

0*0015 

0*0046 

0*0044 

0*0054 

0*0016 

0*0040 

25°  c- 

0*0032 

0*0040 

0*00095 

0-0028 

0*0027 

0-0033 

0*0010 

0*0024 

In  Table  18  the  value  of  fx  is  determined,  separately  for  each 
experiment,  from  the  data  given  in  Table  17,  by  the  aid  of  the 
formula  given  on  p.  33.  In  each  experiment  three  values  of  n  are 
obtained,  the  mean  of  which  is  taken  as  the  true  value.  Although 
the  mean  values  show  some  variation,  being  highest  in  Experiment  4, 
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in  which  haemolysis  proceeded  relatively  slowly,  and  low  in 
Experiments  i  and  3,  in  which  haemolysis  was  relatively  rapid,  yet 
these  variations  are  inconsiderable,  the  values  of  ix  lying  within  a 
narrow  range,  the  highest  mean  value  being  18,000  and  the  lowest 
1 1.600,  the  mean  of  all  being  1 5,000.  From  the  latter  value  of  fx  the 
lowering  of  the  temperature  required  to  diminish  the  rate  of  reaction 
to  one-half  may  be  calculated;  at  37°  C.  it  amounts  to  9°  C.  With 
the  aid  of  this  mean  value  of  15,000  the  percentages  m  Experiments 
I  to  4,  Table  17,  are  re-calculated,  the  values  of  K  thus  obtained  not 
differing  greatly  from  those  determined  by  experiment.  The 
difficulties  in  the  way  of  carrying  out  these  experiments,  it  may  be 
observed,  are  by  no  means  inconsiderable. 

Additional  confirmation  of  the  conclusion  already  reached  (p.  31), 
that  haemolysis  produced  by  the  action  of  quinine  in  the  alkaloidal 
form  resembles  a  chemical  process,  not  a  physical  one,  is  thus  afforded 
by  the  circumstance  that  approximately  identical  values  of  fx  are 
obtainable  in  the  experiments  at  varying  temperatures  recorded  in 

Table  18. 

The  fact  that,  in  the  heterogeneous  system  formed  by  red  blood 
cells  suspended  in  a  hydrosol  of  alkaloidal  quinine,  haemolysis 
progresses,  except  at  the  beginning  and  end  of  the  process,  at  a  mono- 
molecular  rate,  indicates  that  quinine  behaves  like  a  catalytic  agent, 
its  action  being  similar  to  a  ferment  action  comparable,  for  example 
to  that  of  pepsin.  Quinine  bihydrochloride,  hydrochloric  acid  and 
sodium  hydrate  presumably  also  act  like  catalytic  agents.  ae 
resemblance  of  these  haemolytic  agents  to  pepsin  is  all  the  greater 
when  it  is  borne  in  mind  that  the  amount  of  red  cells  completely 
haemolysed  in  three  hours  at  37°  C.  is  proportional  to  the  square  root 
of  the  concentrations  employed,  for  precisely  the  same  relationship 
holds,  within  certain  limits,  for  pepsin.^  The  value  of  ix  for  the 
digestion  of  gelatine  by  pepsin  was  found  by  Sjbqvist  to  be  10,750. 
and  for  the  digestion  of  egg-albumin  by  pepsin  to  be  i  5,570-  ese 
values  are  not  far  removed  from  those  obtained  for  the  haemolysis  of 

red  cells  by  quinine. 

It  is  to  be  anticipated  that,  as  quinine  m  the  free  state,  m 
producing  haemolysis  of  red  blood  cells,  resembles  a  catalytic  agent. 


K  Sjoqvist,  Scandin.  Archiv.  f.  Physiologie,  5  (1805). 


it  IS  not  used  up  to  any  considerable  extent  in  the  process,  and  that 
its  concentration  is  therefore  little  altered  by  the  reaction  taking 
place.  To  test  this  point  the  series  of  estimations  recorded  in  Tables 
20  and  21  were  made.  In  these  estimations  a  weighed  quantity  of 
quinine  sulphate  was  dissolved  in  such  an  amount  of  O'Q  per  cent, 
sodium  chloride  solution  as  to  produce  about  the  same  concentration 
as  that  employed  in  the  experiments  given  in  Table"  i.  Red  cells 
were  then  added.  In  the  first  four  experiments  the  weight  of  red 
blood  cells  taken  was  comparable  to  that  in  Table  i,  in  the  remaining 
experiments  much  larger  amounts  of  red  cells  were  employed.  When 
it  was  judged  that  sufficient  time  had  elapsed  for  the  red  cells  to  take 
up  quinine,  the  amount  of  the  latter  still  remaining  in  solution  was 
determined. 

Mel  hod.  Ill  these  estimations  healthy  human  blood  was 
employed  throughout,  being  withdrawn  by  means  of  a  sterilised  glass 
injection  syringe,  from  the  cephalic,  median-cephalic  or  ulnar  vein  of 
the  upper  limb,  which  was  bandaged  close  to  the  axilla  so  as  to 
obstruct  the  venous  circulation.  The  time  occupied  in  withdrawing 
blood  was  from  ten  to  thirty  seconds,  and  the  amount  withdrawn 
ranged  from  4  c.cm.  to  27  c.cm.  Without  any  delay  the  blood  so 
obtained  was  discharged  into  a  beaker  containing  a  freshly  prepared 
I  per  cent,  solution  of  potassium  oxalate,  in  the  proportion  of  five 
parts  of  the  former  to  one  part  of  the  latter,  and  the  mixture  at  once 
centrifugalised.  The  red  cells  quickly  subsided  and  the  supernatant 
serum  was  pipetted  off.  The  red  cells  were  then  added  in  measured 
amounts  to  a  solution  of  quinine  sulphate,  the  bulk  of  which  was 
about  200  c.cm.  The  emulsion  was  kept  in  a  stoppered  glass  bottle 
which  was  shaken  every  half  hour  for  two  hours,  after  which  the 
red  cells  were  allowed  to  subside  at  room  temperature  (17°  C.  to 
19°  C.),  subsidence  being  completed  in  sixteen  to  twenty-four  hours. 
No  haemolysis  took  place.  As  much  ns  possible  of  the  supernatant 
liquid,  which  was  clear  or,  with  the  larger  amounts  of  red  cells,  very 
faintly  opalescent,  was  removed  with  the  aid  of  a  capillary  siphon, 
and  the  amount  of  fluid  still  remaining,  usually  not  exceeding  5  per 
cent,  of  the  original  amount,  was  measured.  It  will  be  noted  that 
the  quinine  solution  after  the  first  two  hours  was  not  everywhere 
equally  exposed  to  the  further  action  of  the  red  cells,  these  gradually 
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disappearing  from  the  upper  part  of  the  liquid  and  becoming 
increasingly  dense  below. 

The  amount  of  quinine  in  the  supernatant  liquid  so  obtained 
was  then  estimated,  and  from  this  the  total  amount  of  quinine  still 
remaining  in  solution  determined.  The  method  of  estimation 
employed  was  that  of  Giemsa  and  Schaumann,*  slightl}'  modified  to 
suit  the  conditions  under  which  our  investigation  was  carried  out. 

To  the  supernatant  liquid,  which  was  contained  in  a  stoppered 
glass  bottle  holding  300  c.cm.,  about  2  g.  of  solid  potassium  hydrate 
were  added.  When  the  potassium  hydrate  had  dissolved,  the 
liquid  had  111  most  cases  become  milky  in  aspect,  though  no  precipi¬ 
tate  was  recognisable.  70  c.cm.  of  ether  were  now  added,  the 
milkiness  at  once  disappearing.  The  mixture  of  ether  and  water)' 
solution  was  then  shaken  for  half  an  hour.  If  the  ether  did  not 
separate  out,  a  small  amount  of  alcohol  was  added,  when  ready 
separation  took  place.  The  ether  was  then  transferred  to  a  flask, 
by  means  of  a  capillary  siphon,  the  amount  of  the  upper  layer  of 
ether  left  behind  being  one-tenth  to  one-twentieth.  Ether  was  now 
added  again  in  three  successive  amounts  of  50  c.cm.,  and  siphoned 
off  as  before,  in  each  case  after  half  an  hour’s  shaking.  It  may  here 
be  mentioned  that  three  extractions  with  ether  as  recommended  by 
Giemsa  and  Schaumann  were  not  always  sufficient  to  remove  the 
last  traces  of  quinine.  The  ether  was  then  distilled  off  and  the 
residue  dried  in  a  water  oven  at  98°  C.  When  quite  dry  the  residue 
was  taken  up  with  chloroform.  The  chloroform  extract  was  put  up 
in  a  weighing  bottle,  allowed  to  evaporate  in  a  water  oven  at  70°  C., 
then  kept  at  I20°G.  for  one  hour  and  weighed.  The  residue  thus 
obtained  w’as  glassy  in  appearance,  and  colourless  or  of  a  faint 
brownish  lint.  It  was  found  necessary  to  re-distil  the  ether  and 
chloroform,  and  to  test  for  the  presence  of  any  non-volatile  residue 
before  use.  In  the  hands  of  Giemsa  and  Schaumannt  three 
estimations  of  0'05  g.,  O'l  g.  and  0’02  g.  of  quinine  respectively  gave 
an  experimental  error  of  -  0  4  per  cent.,  -t-  ro  per  cent,  and  —  i'2  per 
cent.  In  our  estimations  two  control  amounts  of  o’lioog.  are 

*  Pharmakalogische  und  chemisch-physilcalische  .Studien  iibi'r  Cliiniti.  .‘\rch.  I. 
.SchifTs-  11.  Tropenhygieiit,  1907,  Bd.  XI,  S.  7. 

I  l.oc.  cil.  p.  18. 
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recorded,  with  an  experimental  error  of  —  2’6  per  cent,  and  —  r5  per 
cent,  respectively. 

The  observations  recorded  in  Tables  20  and  21  shov/  that  under 
the  conditions  of  experiment  obtaining,  which,  as  already  mentioned, 
were  similar  to  those  in  Table  i,  namely  with  a  quinine  sulphate 
solution  of  about  0^05  per  cent,  concentration  and  with  an  amount  of 


Table  20.  Determination  of  the  amount  of  quinine  withdrawn  from  solution  by  healthy 
human  red  blood  cells.  Duration  of  action  of  red  blood  cells  on  quinine  sulphate 
dissolved  in  o'g  per  cent,  solution  of  sodium  chloride  eighteen  to  twenty-four 
hours.  Temperature  of  experiment,  17°  C.  to  19°  C. 


No.  of 
Experi¬ 
ment 

Amount  of 
quinine 
sulphate 
taken 

Equivalent 
amount  of 
quinine 

Concen¬ 
tration  of 
quinine 
sulphate 

Amount 
of  quinine 
recovered 

Percentage 
of  quinine 
recovered 

Weight  of 
wet  red 
cells  taken 

Weight  of 
wet  red 
cells  : 
Weight  of 
quinine 
sulphate 

I 

0*1263 

0-1098  g. 

0-0473  g. 

0*1050  g. 

95-6% 

1-5  g* 

12  ;  I 

2 

0-1263  s- 

o-iofl8  g. 

0-0547  g. 

0-1047  g- 

95'4% 

1-8  g. 

14  :  I 

3 

0*1263 

0-1098  g. 

0*0522  g. 

0*1071  g. 

97- .3  % 

2-2  g. 

17  ;  I 

4 

o-Ilq3  g. 

0-1037  g- 

0-0529  g. 

0-1023  g- 

98*8  % 

2-6  g. 

22  :  I 

5 

0*1263  8- 

0-1098  g. 

0-0541  g. 

0-0985  g. 

88-7% 

7'9  g- 

63  ;  I 

6 

0-1193  g. 

0-1037  g- 

0-0534  g. 

0-0907  g. 

87-7% 

10-7  g. 

90  :  I 

7 

0*1 189  g. 

0-1032  g. 

0-0571  g. 

0-0808  g. 

78-3% 

12-0  g. 

loi  :  I 

8 

control 

o-r267  g. 

o*  r  roo  g. 

0-0517  g. 

0*1071  g. 

97'4  % 

— 

— 

9 

control 

0*1267  S' 

o*  1 1 00  g. 

0-05 1 7  g. 

0-1084  g. 

98-5% 

red  blood  cells  in  such  excess  as  to  prevent  any  trace  of  haemolysis 
during  the  course  of  the  experiment,  quinine  is  withdrawn  from 
solution  by  red  cells.  In  the  first  four  experiments  the  withdrawal 
of  quinine  from  solution  by  the  action  of  the  red  cells  is  not  satis¬ 
factorily  exhibited  since  the  amount  taken  up  lies  too  near  the  error 
of  experiment.  When,  however,  the  weight  of  red  cells,  instead  of 
being  I’S  to  2'6g.  [Experiments  i  to  4,  Table  20]  is  from  7'9g- 
to  1 2  g.,  then  the  amount  of  quinine  withdrawn,  though  relatively 
small,  lies  altogether  beyond  the  range  of  experimental  error  and 
becomes  readily  ascertainable,  varying  between  1 1  per  cent,  and 
22  per  cent,  of  the  amount  originally  present  (Table  23).  It  is  thus 
clear  that  the  red  cells  take  up  quinine,  and  the  amount  which  is 
combined  is  found  (Experiments  5,  6  and  7)  to  be  about  o' 14  per 
cent.  If  we  assume  that  the  amount  of  quinine  taken  up  by  varying 
amounts  of  red  cells,  when  the  final  concentration  of  quinine  in  the 
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surrounding  fluid  is  in  all  cases  the  same,  is  proportional  to  the  weight 
of  red  cells  present,  then  in  a  final  concentration  of  0'0404  per  cent, 
the  amount  of  quinine  taken  up  by  2  g.  of  wet  red  cells  would  be 
about  3  per  cent,  of  the  amount  originally  present  in  solution,  under 
the  conditions  of  experiment  obtaining  in  Table  20.  In  view  of  the 
results  obtained  in  the  comparative  experiments  recorded  in  Table  g, 
it  may  be  doubted  if  this  simple  relation  holds.  It  may  be  suggested 
that  the  quantity  taken  up  by  the  smaller  amounts  of  red  cells  would 


Table  21.  Determination  of  the  percentage  amount  of  quinine,  contained  in  red  blood 
cells  in  the  experiments  recorded  in  Table  20. 


No.  of 
Experi¬ 
ment 

Concentration  of  quinine  sul¬ 
phate  originally  present 

Weight  of 
wet  red  cells : 
Weight  of 
quinine 
present  at 
beginning 
of  experi¬ 
ment 

Percentage 

of  the 
quinine, 
originally 
present, 
which  was 
withdrawn 
from  solution 
by  red  ceils 

Percentage 
of  quinine 
in  wet  red 
cells 

Final  con¬ 
centration  of 
quinine  in 
liquid  part 
of  emulsion 
of  red  cells 

r 

0*04.7'?  =  0*0412%  quinine 

13-7  ;  I 

(4-4%) 

(0-320%) 

0-0393  % 

2 

0-0547  %  =  °'°47i;  %  » 

16-4  :  1 

(4-6%) 

(0-284  %) 

0-0453  % 

3 

0-0522  %  =  0-0453  %  „ 

20*0  :  I 

(2-5  %) 

(0-123%) 

0-0442  % 

4 

0-0529  %  =  0-0460  %  „ 

25-0  :  I 

(■•^%) 

(0-054%) 

0-0455  % 

5 

0-054I  %  =  0-0470  %  „ 

89-7  :  t 

”•3% 

0-143% 

o-cM.17% 

6 

o-0534%  =  0-0464%  „ 

103-3  :  ' 

12-3% 

0-121  % 

0-0407  % 

7 

0-0571%  =0-0496%  „ 

116-3  !  I 

21-7% 

0-187% 

0-0388  % 

mean  of 

5,  6  and  7  =  0-0477  quinine 

mean  of  5,  6 
and  7  = 

0-137% 

mean  of  5,  6 
and  7  = 

0-0404 

probably  be  relatively  greater  than  that  taken  up  by  the  larger 
amounts  in  Tables  20  and  21.  Unfortunately  the  determination  of 
the  amount  taken  up  by  small  quantities  of  red  cells,  representing 
the  small  difference  of  two  estimations,  each  subject  to  an  error  of 
experiment,  which  is  not  of  negligible  dimensions,  cannot  be  carried 
out  with  sufficient  accuracy  to  settle  this  point. 

Returning  now  to  the  enquiry,  which  formed  the  starting  point 
-of  the  experiments  m  Tables  20  and  21,  namely,  whether  quinine  is 
used  up  to  any  considerable  extent  when  acting  upon  red  cells  so  as 
to  cause  haemolysis,  we  find  that  under  the  conditions  obtaining  in 
the  experiments  recorded  in  Table  i  the  concentration  of  the  cjuinine 
solution  undergoes  a  diminution,  but  that  the  extent  of  the  diminution 
is  very  small.  The  conclusion  arrived  at  on  p.  38  is  therefore 
confirmed. 


A  further  relation  exists  to  which  reference  may  be  made.  So 
long  as  the  haemolysis  of  red  cells  proceeds  at  a  monomolecular  rate 
the  amount  of  red  cells  haemolysed  during  any  short  period  of  time 
is  closely  proportional  to  the  concentration  of  the  red  cells  in  the 
emulsion  at  the  beginning  of  the  period.  This  is  seen  to  be  the  case 
for  Table  15,  in  which  the  weight  of  red  cells  haemolysed  each  half 
hour  is  found  to  be,  for  the  calculated  amounts,  almost  exactly  0'236 
of  the  concentration  at  the  beginning  of  each  period  [thus 
9I'2  6g'5  =  2i7  =  gr2  xo-238,  and  so  on]. 

;.  A  ction  o  f  quinine  on  healthy  red  cells  in  the  living  body. 

The  experiments  recorded  in  Table  4  show  that  quinine  bihydro¬ 
chloride  scarcely  has  an)'  action  upon  red  blood  cells  until  its  concen 
Iration  reaches  0'5  per  cent.  If  the  percentage  of  quinine  salt  falls 
below  this  amount  extremely  little  change  takes  place  on  keeping- 
three  hours  at  37°  C.  Assuming  the  amount  of  blood  in  the  human 
body  to  be  5,000  c.cm.,  the  amount  of  quinine  bihydrochloride  required 
to  produce  a  concentration  of  0'5  per  cent,  would  be  25  grammes 
(38;  grains),  that  is  0-3  g.  per  kilo  of  body  weight,  if  the  quinine 
were  introduced  intravenously.  .Since  a  dose  of  this  amount,  which 
would  be  rapidly  fatal,  is  far  above  the  maximum  amount  taken 


Table  22.  Quinine  in  relation  to  bl.nckwater  fever. 


Case 

Amount  of  quinine  taken 

Relation  to  appearance  of  blackwater 

.4 

8  grs.  at  mid-day,  8  grs.  at  3  p.m. 

Passed  blackwater  at  6  p.m. 

B 

Two  Jo-gr.  doses  in  afternoon  and  evening. 

Passed  blaclavater  at  i  a.m. 

C 

1  (i)  10  grs.  a  day  for  two  davs. 

Passed  blackwater  on  the  third  day. 

D 

1  W  (A  year  later)  10  grs.  at  6  a.m, 

Passed  blackwater  at  7  or  8  a.m. 

1  (i)  10  grs. 

Passed  blackwater  soon  afterwards. 

E 

1  (2)  5  grs.  hypodermically. 

Passed  blackwater  one  and  a  half  hours  later. 

to  grs,  in  evening. 

Passed  blackwater  next  morning. 

F 

6  grs.  before  and  6  grs.  after  dinner. 

Passed  blackwater  in  night. 

G 

Three  5-gr.  doses  of  quinine. 

After  the  first  dose  passed  brown  urine. 

H 

5  grs.  of  quinine  a  day  for  two  dave. 
Took  no  more  medicine. 

Blackwater  on  the  fifth  day. 

i 

10  grs.  for  two  evenings. 

Blackwater  second  night. 

j 

6  grs.  hypodermically  at  10  a.m. 

Urine  porter  coloured  at  mid-day. 

K 

10  grs. 

Blackwater  next  day. 

L 

35  grs.  in  5-gr.  doses  in  two  days. 

Blackwater  on  third  day. 

M 

9  grs.  on  two  successive  mornings. 

Urine  dark  on  second  morning,  porter 

coloured  same  evening. 

4.3 


medicinally,  and  as,  moreover,  quinine  is  not.  stored  up  in  the  body 
as  such,* * * §  it  follows  that  the  maximum  amount  taken  medicinally, 
rarely  reaching  3  grammes  (4b'5  grains),  cannot  produce  haemolysis 
of  healthy  red  blood  cells  in  the  circulation.  'I'he  possibility  of  the 
haemoglobinuria  of  blackwater  fever  being  due  to  the  direct  action 
of  quinine  on  healthy  red  cells  in  tlie  blood  stream  is  thus  absolutely 
excluded.  That  some  other  explanation  of  the  action  of  quinine  in 
causing  blackwater  fever  must  be  sought  is  evident  also  from  the 
smallness  of  the  dose  which  ordinarily  is  followed  by  blackwater. 
Thus  in  Table  22,  in  which  thirteen  attacks  are  recorded,  five  grains 
or  more  hypodermically  and  nine  grains  or  more  by  the  mouth  were 
followed  by  blackwater  fever.  These  may  be  taken  as  representative 
amounts  required  to  produce  blackwater.  In  animals  the  hypodermic 
administration  of  quinine  fails  to  produce  haemoglobinuria,  as  the 
experiments  recorded  in  Table  23  show,  even  when  the  dose  is 
relatively  far  higher  than  in  Table  22. 


Table  23.  Haemoglobinuria  in  relation  to  quinine  in  animals. 


No,  of 
Experi¬ 
ment 

Animal 

Amount  of  quinine  bihydro- 
chloride  injected  per 
kilo  of  body  weight 

Result 

1 

Rabbit 

O'  1 3  g.  intravenously 

Death  within  an  hour. 

2 

}> 

O'o8  g.  hypodermically 

No  haemoglobinuria.  No  ill  effect. 

3 

n 

0'i6  g.  hypodermically 

No  haemoglobinuria.  No  ill  effect. 

4 

)j 

0*5  g.  hypodermically 

No  haemoglobinuria.  Convulsions  at  end  of 
if  hours;  death  at  end  of  2  hours. 

No  haemoglobinuria.  Unsteady  after  first 
injection ;  convulsions  and  death  ten 
minutes  after  second  injection. 

5 

Dog 

1 0*25  g.  hypodermically 
\  0*25  g.  hypodermically 
[  hours  later 

6 

1) 

0*15  g.  hypodermically 

No  haemoglobinuria.  No  ill  effect. 

7 

JJ 

0*2  g.  hypodermically 

No  haemoglobinuria  ;  no  haemoglohinaemia 
Death  at  end  of  one  hour. 

The  fate  of  quinine  in  the  body  is  only  partially  known.  Kleine.t 
.Vlariani.t  Schmitz§  and  Cliemsa  and  SchaumannH  sliowed  that  the 


*  Loc.  cii. 

t  fiber  die  Resorption  von  Cbininsalzen,  Zeitschr.  .  Hygiene  u.  tnfektionskranklieiten. 
Bd.  38,  S.  190. 

I  L’assorbiraente  e  I’eliminazione  della  chinina  e  dei  suoi  sali.  Atti  della  .Sodeta  per 
gli  studi  della  malaria,  1904. 

§  Ulier  die  Ausscheidung  des  Chinins  im  menschlichen  Harn,  Archiv.  f.  experimentelle 
Pathologie  und  Pharmakologie,  l<)07. 

Loc.  cil. 
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amount  of  quinine  eliminated  as  such  in  the  urine  during  the  first 
twenty-four  hours  after  administration  is  usually  1 5  per  cent,  to  26  per 
cent,  of  the  amount  administered.  In  the  body  only  traces  of  quinine 
can  be  recognised.  Gierasa  and  Schaumann*  found  quinine  in  the 
blood  m  only  one  out  of  three  cases  after  its  administration,  and  in 
this  the  quinine,  which  was  present  in  amount  too  small  for  estimation, 
was  found  in  the  plasma  only,  not  in  the  red  cells.  It  would  therefore 
appear  that  the  amount  of  quinine  reaching  the  blood  stream  and  able 
to  act  directly  upon  the  red  cells  is  extremely  small. 

(6)  The  action  of  quinine  on  red  cells  during  blackzvater  fever. 

In  the  preceding  subsection  the  action  of  quinine  upon  healthy 
red  blood  cells  has  been  studied  in  considerable  detail,  so  that  the 
behaviour  towards  quinine  of  red  blood  cells  during  blackwater  fever 
may  be  the  more  readily  compared  with  their  behaviour  in  respect  of 
this  alkaloid  during  health. f 

Method.  The  method  of  testing  employed  has  been  that  used  in 
Table  i,  and  involves  the  withdrawal  of  about  ten  drops  (o' 5  c.cm.) 
of  blood  from  the  finger,  the  procedure  adopted  being  as  follows; 
The  blood  coming  from  the  finger  was  allowed  to  fall  drop  by  drop 
into  a  small  collecting  capsule  of  glass,  containing  a  measured  amount 
of  a  I  per  cent,  solution  of  potassium  oxalate.  As  soon  as  enough 
blood  had  been  collected  the  volume  of  the  mixture  was  measured. 
The  object  of  these  two  measurements  was  to  ascertain  the  percentage 
by  volume  of  red  cells,  and  also  the  haemoglobinometer  reading  of 
the  undiluted  blood.  If,  however,  it  is  not  desired  to  obtain  these 
data,  then  the  two  measurements  in  question  may  be  omitted.  The 
next  step  was  to  make  a  haemocrit  determination  of  the  percentage 
by  volume  of  red  cells  in  the  oxalated  blood.  As  soon  as  this  had 
been  done  a  measured  amount  of  the  oxalated  blood  was  taken  up 
in  a  pipette  and  transferred  to  a  centrifugal  tube  containing  about 
10  c.cm.  of  a  o'9  per  cent,  solution  of  sodium  chloride.  After 

*  Loc.  Clt.  p.  J2. 

1  A.  Murri,  Sull'  intossicasione  da  chinino,  II  PoJicHnico,  1895,  Sezione  Medica 
Vor  2,  p.  340,  tested  the  action  of  quinine  in  varying  dilutions  on  the  red  blood  cells  of  a 
patient  suffering  fiom  haemoglobinuric  fever  following  quinine,  and  on  healthy  red  blood 
cell.s  during  similar  conditions,  but  no  difference  was  observable  in  the  two  cases  No 
details  are  given  (p.  349). 
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completely  precipitating  the  red  cells  by  centrifugalisation,  the  super¬ 
natant  liquid  was  removed  by  means  of  a  glass  tube  provided  with  a 
rubber  teat  and  drawn  out  to  a  capillary  end.  To  the  red  cells 
0'9  per  cent,  sodium  chloride  solution  was  added  in  such  amount  as 
to  produce  a  2-5  per  cent,  emulsion  of  the  red  cells.  A  sample  of 
this  emulsion  was  then  diluted  with  nineteen  parts  of  distilled  water 
and  a  haemoglobinometer  reading  made.  A  series  of  test  tubes  was 
next  prepared  to  which  the  respective  quantities  of  O’g  per  cent, 
sodium  chloride  solution  and  of  r92  per  cent,  quinine  bihydrochloride 
solution  given  in  Table  24  were  added.  The  requisite  amounts  of 
the  2' 5  per  cent,  emulsion  of  red  cells  were  added,  and  the  tubes 
placed  in  an  incubator  kept  at  37°  C.,  being  subsequently  stirred  up 
with  a  glass  rod  every  fifteen  minutes  until  the  conclusion  of  the 
experiment  at  the  end  of  three  hours. 

In  those  experiments  in  which  complete  haemolysis  did  not  occur 
the  degree  of  haemolysis  was  indicated  by  the  expressions  ‘  partial,' 
‘  slight,’  ‘  trace.’ 

In  carrying  out  these  e.xperiments  it  must  be  borne  in  mind  that 
the  emulsion  should  contain  a  definite  weight  of  red  blood  cells.  It 
cannot  be  made  up  with  a  definite  weight  of  blood,  for  such  a 
procedure  would  give  no  clue  as  to  its  real  composition  in  respect  of 
red  cells,  since  it  has  been  found  that  in  health  slight,  and  in  black- 
water  fever  and  malaria  considerable,  variations  in  the  relation  which 
the  volume  of  red  cells  bears  to  that  of  the  plasma  may  occur.  Nor 
is  it  of  any  practical  utility  for  our  purpose  to  determine  the  number 
of  red  cells  per  cubic  millimetre  of  blood,  since  this  also  gives  no 
measure  of  their  percentage  by  weight.  Nor  again  is  it  of  advantage 
to  know  the  red  cell  index  unless  the  percentage  by  volume  is  also 
known,  and  when  the  latter  has  been  determined  the  former  is  not 
required.  On  the  other  hand,  in  order  that  the  conditions  of  experi- 
jnent  may  be  more  fully  defined,  it  is  desirable  that  the  determination 
of  the  concentration  of  red  cells  by  weight  in  the  emulsion  employed 
should  be  supplemented  by  a  determination  of  the  percentage  of 
haemoglobin  given  by  the  reading  of  a  haemoglobinometer  stan¬ 
dardised  as  already  described.  When  the  two  determinations  are 
nearly  the  same,  no  difficulty  is  experienced  in  comparing  the  haemo¬ 
lysis  produced  by  quinine  with  that  obtaining  in  health.  When, 
however,  a  marked  variation  occurs,  as  in  Experiments  10,  14a  and 
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ig,  Table  24,  in  which  the  ratio  of  the  two  determinations  is 
respectively  i'36  :  i,  r37  :  i  and  i'24  :  i,  then  a  close  comparison 
becomes  difficult,  since  it  is  no  longer  possible  to  state  the  ratio  of 


Tahlf.  r.  Haemolysis  of  red  blood  cells  by  quinine  bihydrochloride,  dissolved  in  o'q 
per  cent.  NaCl  solution.  Duration  of  experiment  three  hours.  Temperature 
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the  red  cells  to  quinine  so  precisely  as  could  be  desired.  It  is 
therefore  evident  that  an  extremely  close  comparison  of  the  action 
of  quinine  on  red  cells  in  health  and  in  blackwater  fever  cannot  be 
made.  The  series  of  increments  adopted  in  Tables  r  and  24  appear 
to  be  the  smallest  which  can  conveniently  be  chosen.  Blackwater 
fever  patients  are  frequently  anaemic,  and  it  will  be  noticed  that  the 
haemoglobin  of  the  red  cells  was  generally  altered  in  the  direction  of 
an  increase  in  the  amount  per  unit  volume  of  red  cells.  In 
Experiment  4,  Table  24,  although  the  direct  haemoglobinometer 
reading  of  the  blood  was  24,  the  normal  reading  being  100,  this  ratio 
was  scarcely  affected,  being  O'gs. 

In- Table  24  the  result  of  eighteen  observations  of  the  haemolysis 
of  red  cells  by  quinine  in  blackwater  fever,  and  two  observations  in 
malaria,  is  given.  For  the  sake  of  easy  reference,  Table  i  is  repeated. 
In  the  latter  Table  the  transition  point  is  well  defined,  and  is  seen  to 
be  reached  with  a  concentration  of  0'045  per  cent,  of  quinine  bihydro^ 
chloride  and  a  ratio  of  red  cells  (by  weight)  to  quinine  bihydrochloride 
of  10-4  :  I.  In  Table  24  the  same  result  is  obtained  in  nearly  every 
case,  the  exceptions  being  Experiments  3,  4,  12,  ig  and  20,  in  all  of 
which  haemolysis  proceeded  at  a  slightly  slower  rate  than  usual. 
Since  occasional  variations  are  also  met  with  under  normal  conditions, 
(cp.  Tables  2,  3,  5,  6,  7,  g,  ii),  it  follows  that  within  the  limits  of 
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accuracy  of  the  method  employed  no  decided  change  in  the 
susceptibility  of  the  red  cells  to  the  action  of  quinine  is  recognisable. 

The  same  conclusion  also  holds  if  the  conditions  present  are 
examined  individually.  During  the  period  of  haemoglobinuria  eight 
cases  were  examined  (i,  6,  7,  8,  ii,  12,  13,  17);  in  five 
of  these  haemolysis  was  complete  in  three  hours,  the  concentration  of 
quinine  bihydrochloride  being  0'045  per  cent;  in  two  (7,  12) 
haemolysis  proceeded  somewhat  more  slowly ;  and  in  one  (6)  the 
number  of  observations  was  small,  but  the  rate  of  haemolysis  was 
probably  the  same  as  that  of  the  first  five.  Of  the  nine  cases  of 
blackwater  fever  examined  when  haemoglobinuria  had  ceased  (2,  3,  4, 
5,  9,  10,  14,  15,  18)  six  followed  the  normal  comrse,  in  two  (3,  4) 
haemolysis  proceeded  somewhat  more  slowly  than  usual,  and  the 
remaining  one  appeared  to  have  followed  the  usual  course,  though  the 
number  of  observations  is  incomplete. 

Two  observations  were  made  during  a  malarial  attack  (19,  20), 
one  during  the  apyrexial  interval  and  one  during  the  attack,  when 
the  patient’s  temperature  was  103°  F.  In  both  of  these  the 
haemolysis  proceeded  at  a  slightly  slower  rate  than  usual,  being 
completed  in  three  hours  with  a  concentration  of  quinine  bihydro¬ 
chloride  of  0'0535  per  cent,  instead  of  the  more  usual  concentration 
of  0‘045  per  cent.  It  cannot,  however,  be  inferred  from  these  two 
observations  that  a  slight  diminution  in  the  rate  of  haemolysis  is  a 
constant  occurrence,  since  a  similar  range  of  variation  may  be  met 
with  under  normal  conditions,  as  already  mentioned. 

Most  of  the  thirteen  attacks  of  blackwater  fever  referred  to  in 
Table  24  occurred  in  individuals  who  were  regarded  as  also  affected 
with  malaria,  since  in  all  more  or  less  typical  malarial  attacks  preceded 
the  paroxysm  of  blackwater  fever,  as  a  study  of  the  clinical  histories 
given  on  pp.  176  to  246  will  show.  Such  evidence  is,  with  one 
exception  however,  clinical  only.  In  all  cases  quinine  had  been 
administered,  and  examination  of  blood  films  made  at  the  time  of 
blackwater  failed  to  reveal  the  presence  of  malarial  parasites  in  any 
case.  The  absence  during  blackwater  fever  of  any  obvious  alteration 
in  the  vulnerability  of  the  red  blood  cells  towards  quinine  lends, 
however,  further  support  to  the  view  that  no  marked  change  in  this 
respect  is  to  be  anticipated  in  malaria. 
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I'he  circumstance,  brought  out  quite  conclusively  in  Table  24, 
that  no  considerable  change  in  the  red  blood  cells  as  regards  the 
action  of  quinine  occurs  during  blackwater  fever,  is  a  point  of 
considerable  importance,  for  a  moment’s  consideration  will  show  that, 
since  healthy  red  cells  are  not  haemolysed  by  even  the  greatest 
concentrations  of  quinine  which  may  conceivably  be  reached  in  the 
blood  when  quinine  is  taken  in  the  doses  ordinarily  administered  in 
malaria,  namely,  one-third  of  a  gramme  to  one  gramme  (five  to  fifteen 
and  a  half  grains),  therefore,  unless  the  sensibility  of  the  red  cells 
is  enormously  increased  in  blackwater  fever,  no  haemolysis  due  to  the 
action  of  quinine  on  red  cells  contained  in  the  circulating  blood  can 
possibly  take  place.  The  circumstance  that,  in  point  of  fact,  no 
marked  change  does  occur,  is  therefore  conclusive  evidence  against 
the  action  of  quinine  in  blackwater  fever  being  in  any  way  related 
to  a  greater  vulnerability  of  the  red  blood  cells  taken  as  a  whole. 
The  observations  given  in  Table  24  do  not  afford  any  information  as 
to  whether  any  very  small  fraction  of  the  red  blood  cells — such  as 
would,  owing  to  its  relative  insignificance,  fail  to  be  recognised  by 
the  method  employed  may  not  be  unduly  sensitive  to  the  action  of 
quinine.  In  the  next  sub-section,  an  observation  on  the  action  of 
quinine  on  red  blood  cells  containing  malarial  parasites  is  recorded, 
but  the  further  consideration  of  this  problem,  which  depends  for  its 
solution  partly  upon  a  knowledge  of  the  actual  amounts  of  red  blood 
cells  destroyed  during  attacks  of  blackwater  fever,  will  be  more 
conveniently  deferred  for  the  present,  and  dealt  with  again  in 
Section  5  (pp.  136  to  165). 

(c)  The  action  of  quinine  on  red  blood  cells  aifected  luith 
vial  aria  I  parasites. 

In  any  attempt  to  elucidate  the  mechanism  of  blackwater  fever, 
it  is  a  matter  of  the  first  importance  to  ascertain  whether  red  blood 
cells  affected  with  malarial  parasites  are  more  readily  haemolysed  by 
quinine  than  are  healthy  red  cells.  In  order  to  study  this  point,  it  is 
necessary  to  obtain  blood  which  is  relatively  rich  in  intracorpuscular 
parasites.  Nearly  all  the  cases  of  malaria  which  came  under  our 
notice,  however,  had  already  been  treated  with  quinine,  and  parasites 
were  found  in  the  blood  films  examined  in  very  scanty  numbers  or 
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could  not  be  detected  after  prolonged  search.  Such  cases  were, 
therefore,  of  no  value  in  settling  the  enquiry  in  question.  Only  a 
single  case  occurred  in  whicli  we  were  able  to  test  the  action  of 
quinine  on  red  cells  containing  malarial  parasites.  In  this  case,  on 
which  Observations  19  and  20,  Table  24,  were  made,  a  count  of  the 
red  cells  showed  that  about  3  per  cent,  contained  parasites. 

Method.  The  action  of  quinine  was  studied  m  the  manner 
employed  in  the  observations  recorded  in  Table  I.  Blood  obtained 
by  pricking  the  linger  was  allowed  to  fall  drop  by  drop  into  a  glass 
capsule  containing  o' 15  c.cm.  of  a  i  per  cent,  solution  of  potassium 
oxalate  until  about  i  c.cm.  had  been  collected,  blood  smears  being  made 
at  the  same  time.  The  total  volume  of  the  oxalated  blood  was  then 
measured,  and  a  haemocrit  estimation  made.  The  red  cells  were 
separated  by  centrifugalisation,  washed  and  then  added  to  O'g  per 
cent,  solution  of  sodium  chloride  in  amount  required  to  produce  a. 
2'5  per  cent,  emulsion.  This  was  mixed  with  r92  per  cent  solution 
of  quinine  bihydrochloride  and  O'Q  per  cent,  solution  of  sodium 
chloride  in  the  amounts  given  in  Table  24.  The  mixtures,  after 
stirring  with  a  capillary  glass  rod,  were  kept  in  a  water  bath  at  37°  C. 
for  three  hours,  when  smears  were  made  from  the  red  cells  contained 
in  the  last  two  tubes.  The  supernatant  liquid  after  centrifugalisation 
was  found  to  be  colourless  in  the  one  tube,  and  to  be  of  an 
exceedingly  slight  reddish  tint  in  the  other. 

The  result  was  indecisive.  At  the  close  of  the  experiment  the 
number  of  parasites  contained  in  red  blood  cells  was  diminished,  and 
those  present  did  not  stain  well.  In  addition  a  few  free  parasites 
were  seen.  It  would  thus  appear  that  the  action  of  the  quinine  salt 
was  directed  towards  the  parasites,  the  staining  reaction  of  which  was 
in  consequence  altered,  while  many  disappeared  or  became  unrecog¬ 
nisable.  Some  of  the  red  blood  cells  which  contained  parasites 
appeared,  therefore,  to  have  been  completely  destroyed  by  the  action 
of  the  quinine  salt,  for  no  red  blood  cells  could  be  seen,  which 
exhibited  a  partial  defect  of  substance.  All  the  red  blood  cells 
showed,  however,  slightly  defective  staining  reaction,  attributable  to 
the  action  of  quinine. 

Unfortunately,  we  were  able  to  make  only  a  single  experiment. 

The  problem  at  issue  cannot  be  settled  until  a  numlrer  of  sucli 
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observations  have  been  made.  In  the  meantime,  we  have  thought 
it  worth  while  to  refer  to  the  line  of  experiment  followed. 

(d )  The  action  of  urine  on  red  blood  cells  and  on  dissolved 

haernoglubin. 

In  studying  the  mechanism  of  blackwater  fever,  it  is  essential  to 
ascertain  how  far  the  condition  of  the  urine  when  voided  represents 
its  original  condition  when  issuing  From  the  collecting  tubules  of  the 
kidney,  and  how  far  it  has  been  changed  while  retained  in  the  bladder. 
This  enquiry  resolves  itself  into  a  two-fold  one  ;  into  the  action  of 
urine  upon  haemoglobin  contained  in  the  red  blood  cells ;  and  into 
the  action  of  urine  upon  laked  haemoglobin. 

When  a  solution  of  haemoglobin  is  added  to  urine  in  amount 
sufficient  to  produce  a  light  red  coloration,  it  is  found  that  the  red 
tint  soon  becomes  fainter,  the  urine  turning  browm  in  colour,  and  that 
ultimately  the  w'hole  of  the  haemoglobin  is  broken  up,  a  brown  soluble 
pigment  remaining,  w'hich  gives  no  absorption  bands  on  spectroscopic 
examination.  Sometimes  a  variable  amount  of  a  brow-n  precipitate 
appears  at  the  end  of  twenty-four  to  forty-eight  hours,  and  the  urine 
may  then  become  less  browm  in  colour. 

If  an  emulsion  of  red  blood  cells  in  o-g  per  cent,  solution  of  sodium 
chloride  is  added  to  urine,  it  is  seen  that  the  latter,  when  the  changes 
in  the  red  cells  described  below',  become  advanced,  gradually  turns 
brown  in  colour,  but  no  reddish  tint  is  noticeable.  Urine  does  not 
produce  visible  laking  of  red  blood  cells  unless  its  specific  gravity  is 
less  than  I'oog.  Urine  of  specific  gravity  r002  lakes  red  blood  cells 
as  rapidly  as  distilled  water.  Red  blood  cells  in  urine  whose  specific 
gravity  e.xceeds  roog  become,  on  standing,  poorer  in  haemoglobin 
and  assume  a  darker  somewhat  browmish  aspect,  but  are  ultimately 
decolourised  and  form  a  brownish-w'hite  precipitate  at  the  bottom  of 
the  tube  in  which  the  urine  is  contained.  If  such  urine  at  any  time 
after  adding  the  red  blood  cells  is  centrifugalised  and  the  supernatant 
fluid  examined  spectroscopically,  it  is  found  that  no  oxyhaemoglobin 
bands  are  at  first  seen,  the  red  blood  cells  becoming  decolourised 
without  any  laking  of  their  haemoglobin.  When,  however,  the  red 
blood  cells  have  lost  75  per  cent,  or  more  of  their  haemoglobin,  oxy¬ 
haemoglobin  bands  make  their  appearance  in  the  urine,  w'hich  is  now 
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brownish  in  colour  (cp.  Table  23).  Just  as  occurs  when  dissolved 
haemoglobin  is  added  to  urine,  a  precipitate  brown  in  colour  may 
make  its  appearance  at  the  end  of  twenty-four  hours  in  the  mixture 
of  urine  and  red  cells.  It  is  thus  seen  that  in  the  red  cell  the 
haemoglobin  is  broken  up,  by  urine  of  specific  gravity  exceeding 
roog,  in  situ,  and  does  not  leave  the  cell  until  it  has  become 
completely  converted  into  brown  pigment. 

In  order  that  some  idea  may  be  obtained  of  the  degree  to  which 
haemoglobin  is  likely  to  be  broken  up  in  the  urine  in  cases  of  black- 
water  fever,  and,  further,  in  order  to  determine  to  what  extent  small 
quantities  of  haemoglobin  passing  into  the  urine  at  the  time  of  its 
secretion  by  the  kidneys  may  be  recognisable  in  the  urine  when 
voided,  the  experiments  given  in  Table  25  were  carried  out.  These 
fall  into  two  series,  conducted  simultaneously  with  the  same  urine 
and  with  haemoglobin  derived  from  a  single  source. 

Method.  In  the  first  series  of  experiments  human  blood  cells 
were  added  to  the  urine  in  such  amounts  that  an  emulsion  containing 
from  5  per  cent,  to  0’33  per  cent,  of  red  blood  cells  was  obtained.  At 
the  end  of  four  hours  at  a  temperature  of  3;°  C.,  during  which  period 
the  red  blood  cells  were  distributed  in  the  urine  by  stirring  with  a 
glass  rod  every  fifteen  minutes,  the  mixture  was  centrifugalised,  the 
supernatant  fluid  poured  off  and  examined  spectroscopically,  while  the 
red  cells  were  mixed  with  a  measured  quantity  of  distilled  water  and, 
after  laking,  the  amount  of  haemoglobin  still  remaining  determined 
by  the  haemoglobinometer.  In  the  second  series  the  same  amounts 
of  haemoglobin  were  used  as  in  the  first,  but  the  haemoglobin  instead 
of  being  contained  in  red  cells  was  in  solution.  In  this  second  series, 
owing  to  the  formation,  especially  in  the  weaker  dilutions,  of  the 
brownish  pigment  already  referred  to,  accurate  haemoglobinometer 
readings  of  the  amounts  of  haemoglobin  in  the  urine  could  not  be 
made,  and  instead  the  oxyhaemoglobin  bands  present  were  matched 
by  the  aid  of  a  comparison  spectroscope  with  those  of  a  haemoglobin 
solution  of  known  concentration,  and  in  this  way  the  concentration  of 
haemoglobin  in  the  urine  was  determined. 

On  comparing  the  two  series,  it  is  seen  that  the  degree  of 
destruction  of  haemoglobin  proceeds  in  both  very  nearly  at  the  same 
rate,  being  somewhat  more  rapid  when  the  haemoglobin  is  in  solution 
than  when  it  is  contained  in  the  red  blood  cells,  but  the  difference  is 
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not  great.  As  might  be  expected,  the  destruction  is  relatively 
smallest  when  the  concentration  of  the  red  blood  cells,  or  of  the  laked 
haemoglobin,  is  greatest,  and  when  the  concentration  of  haemoglobin 
is  very  low  the  destruction  may  be  very  nearly  complete  within  the 
period  of  experiment.  The  actual  figures  given  will  enable  some 
idea  to  be  formed  of  the  degree  to  which  in  blackwater  fever  the 
amount  of  haemoglobin  present  at  the  end  of  four  hours  represents 
the  amount  originall}'  present  in  the  urine  when  first  excreted.  Thus 
when  the  urine  originally  contained  5  per  cent,  of  red  blood  cells,  the 
percentage  at  the  end  of  four  hours  was  only  27  per  cent,  to  y2c,  per 
cent.,  35  per  cent,  to  47  per  cent,  of  the  haemoglobin  being  destroyed. 
W'hen,  however,  the  urine  originally  contained  0'33  per  cent,  of 
haemoglobin,  about  90  per  cent,  was  destroyed,  the  percentage  being 
reduced  to  0’03,  a  quantity  which  is  not  easily  recognised  or  estimated. 
The  percentages  in  the  Table  were  for  the  most  part  ascertained  by 
means  of  haemoglobinometer  readings.  The  original  concentrations 
were  made  up  by  means  of  the  haemocrit,  and  one  of  these,  as  a 
control,  was  measured  by  the  haemoglobinometer,  the  reading 
obtained  being  a  little  higher  (0‘5  per  cent.)  than  the  amount  given 
by  the  haemocrit. 

When  the  percentage  of  haemoglobin,  whether  in  the  form  of  red 
blood  cells  qr  of  dissolved  haemoglobin,  was  less  than  O’Oi  per  cent, 
in  the  urine,  at  the  end  of  four  hours  it  became  difficult  or  impossible 
to  recognise  oxyhaemoglobin  bands.  In  these  cases  the  urine,  which, 
as  already  mentioned,  had  acquired  a  brownish  tint,  gave,  on  slightly 
acidify'ing  and  heating,  a  brownish  white  jarecipitate  of  coagulable 
protein,  this  forming  in  many  cases  the  only  indication  of  the  original 
addition  of  haemoglobin. 

Owing  to  the  circumstance  that  urine  is  not  a  fluid  of  constant 
composition,  it  is  not  possible  to  calculate,  from  the  amount  present 
at  the  end  of  four  hours,  how  much  was  originally  present.  In  each 
individual  case  a  special  estimation  is  required.  Only  an  approximate 
idea  of  the  limits  of  the  range  of  destruction  in  different  concentra¬ 
tions  is  afforded  by  Table  25,  which,  however,  shows  that  with  a  high 
specific  gravity  of  the  urine  the  rate  at  which  destruction  proceeds  is 
increased.  Destruction  of  haemoglobin  was  usually  attended  with 
the  production  of  methaemoglobin,  which  was,  however,  present  only 
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111  relatiN'el}/  \'ery  small  amount.  This  occui'red  both  within  the  red 
cells,  and  when  dissolved  haemoglobin  was  used. 

With  a  \  ie\v  of  throwing  light  upon  the  nature  of  the  process  of 
destruction  of  haemoglobin  by  urine,  the  rate  at  which  destruction 
in'oceecled  was  investigated  in  the  case  of  red  cells  (Table  2O).  The 
determination  of  the  rate  of  destruction,  in  urine,  of  dissolved  haemo¬ 
globin  was  not  attempted  owing  to  the  difficulty  of  obtaining, 
especially  with  the  higher  degrees  of  destruction,  sufficient!}'  readily 
and  accurately  estimations  of  haemoglobin  in  the  presence  of  the 
colouring  matter  of  urine. 

Method.  The  mode  of  conducting  these  experiments  was  similar 
to  that  adopted  in  the  case  of  cjuinine  (Tables  17,  18  and  ig).  Four 
e.xperiments  were  carried  out  with  different  specimens  of  healthy 
urine  obtained  from  the  same  individual,  about  three  hundred  cubic 
centimetres  being  taken  for  each  experiment.  To  this,  healthy 
human  red  blood  cells  were  added  to  the  extent  of  0’488  per  cent., 
o'484  per  cent.,  o'448  per  cent,  and  0‘488  per  cent,  in  Experiments 
I  to  4  respective!}'.  The  mixture  of  urine  and  red  blood  cells  was 
then  divided  into  three  equal  parts,  which  were  placed  in  water  baths 
kept  at  temperatures  of  37°  C.,  31°  C.  and  25°  C.  respectively,  and 
were  shaken  every  fifteen  minutes  so  as  to  secure  uniform  distribution 
of  the  red  blood  cells.  At  intervals  of  half  to  one  hour  samples  of 
the  mixture  (usually  10  c.cm.)  w'ere  withdrawn  and  centrifugalised. 
The  supernatant  liquid  was  examined  for  oxyhaemoglobin  and 
methaemoglobin  bands ;  the  red  cells  were  laked  with  distilled  water, 
the  volume  of  the  solution  being  made  up  to  that  of  the  sample  and 
the  percentage  of  haemoglobin  determined  with  the  haemoglobino- 
meter  or,  if  considerable  destruction  of  haemoglobin  and  production 
of  brown  colouring  matter  had  occurred,  matched  with  a  haemoglobin 
solution  of  known  concentration,  by  the  aid  of  a  comparison  spectro¬ 
scope,  as  already  described. 

The  urine  employed  in  these  four  experiments  varied  m  respect 
of  specific  gravity  and  reaction  (cp.  Table  27).  The  former  ranged 
from  ro26  to  i'0i5,  wdnle  the  i-eaction  was  acid  in  Experiment  i, 
slightly  acid  in  Experiments  2  and  3,  and  slightly  alkaline  in  the 
fourth  experiment.  The  urine  was  perfectl}^  clear  and  free  from 
precipitate. 


The  destruction  of  haemoglobin  proceeded  rapidly  at  37°  C., 
usually  half  to  three-quarters  disappearing  in  the  course  of  two  hours. 
At  31°  C.  one-fifth  lo  two-fifths  of  the  haemoglobin  was  destroyed 
m  the  same  period  of  time,  and  at  25°  C.  less  than  one-tenth.  When 
a  comparison  of  these  amounts  with  the  specific  gravity  and  reaction 
of  the  urine  is  made  (Table  25),  it  is  seen  that  with  the  higher  specific 
gravity  (i’026)  obtaining  in  Experiment  I  the  rate  of  destruction  was 
most  rapid,  with  the  lower  specific  gravity  of  Experiments  2  and  3 
(ro20  and  ro22)  was  less  rapid,  while  in  Experiment  4  in  which 
the  urine  had  a  specific  gravity  of  roi5,  haemoglobin  was  destroyed 
with  considerable  slowness.  In  the  last  case  another  factor  was 
perhaps  operating  to  retard  the  action  of  the  urine  upon  haemoglobin, 
namely,  its  alkaline  reaction  ;  for  alkaline  urine  was  found  to  be  slow 
111  its  action  upon  red  cells,  even  when  its  specific  gravity  exceeded 
r020.  The  variations  met  with  in  different  experiments  seem, 
however,  to  be  m  part  attributable  to  the  diurnal  variations  in  the 
red  blood  cells  already  encountered  in  experiments  made  with  quinine 
(Tables  16  and  17).  The  breaking  up  of  haemoglobin  in  the  urine  is 
not  due  to  the  presence  in  the  latter  of  a  thermolabile  ferment,  for 
previous  boiling  does  not  alter  the  rate  at  which  destruction  proceeds. 

In  red  cells,  whose  haemoglobin  has  been  largely  destroyed, 
methaemoglobin  is  found,  on  laking,  to  be  present.  The  amount  of 
this  substance  is  very  small  relatively  to  the  unaltered  haemoglobin, 
until  the  destruction  exceeds  85  per  cent.,  when  its  presence  is 
generally  readily  recognisable,  though  it  is  still  found  in  much  smaller 
amount  than  oxyhaemoglobin. 

It  will  be  seen  from  Table  26  that  haemoglobin  did  not  find  its 
way  into  the  urine  until  the  destruction  of  haemoglobin  within  the 
red  cells  had  reached  or  exceeded  75  per  cent.  At  about  this  point 
haemoglobin  began  to  escape,  and  when  the  percentage  of  destruction 
exceeded  go  per  cent.,  the  percentage  of  haemoglobin  in  the  urine 
was  sometimes  5  per  cent,  of  the  amount  originally  present  in  the 
red  blood  cells,  in  one  case  reaching  as  much  as  10  per  cent.  Thus, 
although  haemolysis  did  not  occur  in  amount  sufficient  to  produce 
after  centrifugalisation  a  red  coloration  of  the  urine,  nevertheless 
as  destruction  of  haemoglobin  approached  completion  a  slight  degree 
of  haemolysis  took  place,  causing  oxyhtiemogiobin  bands  to  make 
their  appearance. 
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In  determining  the  reaction  rate  it  will  be  seen  that  at  the  hig'hest 
temperature  employed  (37°  C.)  the  number  of  observations  obtain 
able  in  Experiments  i  and  3,  Table  26,  was  limited,  owing  partly  to 
the  rapidity  of  destruction  of  haemoglobin  and  partly  to  the  escape 
of  haemoglobin  from  the  red  cells  into  the  urine  surrounding  them, 
in  consequence  of  which  the  readings  given  by  the  laked  cells  become 
too  low,  and  cease  to  represent  the  actual  destruction.  In  Experiments 
I  to  3,  determinations  of  the  monomolecular  reaction  rate  constant 
show  little  variation  so  long  as  the  amount  of  destruction  of 
haemoglobin  lies  between  20  per  cent,  and  80  per  cent.  Below  the 
lower  limit  destruction  proceeds  more  slowly,  while  above  the  upper 
limit  it  proceeds  more  rapidly.  The  same  variation,  in  greater 
degree,  has  already  been  seen  when  quinine  produces  haemolysis  in 
red  blood  cells  (Tables  13  to  16).  And  as  in  the  latter  case,  so  here, 
if  the  reaction  rate  constant  for  bimolecular  or  multimolecular 
reactions  is  calculated  from  the  data  given,  a  greater  range  of  varia¬ 
tion  is  met  with,  so  that  these  types  of  reaction  are  excluded  from 
consideration.  In  Experiment  4,  in  which  the  reaction  proceeded 
very  slowly,  the  reaction  rate  constant  exhibited  little  variation  when 
the  destruction  exceeded  7  per  cent.  (93  per  cent,  being  left  urn 
altered),  i.e.  after  the  lapse  of  about  two  hours.  If  the  percentages  of 
haemoglobin  are  recalculated  from  the  reaction  rate  constants 
(Columns  4,  8  and  12,  Table  24),  a  fair  agreement  with  the  per¬ 
centages  actually  found  will  be  observed.  It  follows  therefore  that, 
in  the  heterogeneous  system  formed  by  red  blood  cells  suspended 
in  urine,  destruction  of  haemoglobin  proceeds  at  the  same  rate  as  a 
monomolecular  reaction,  except  at  the  beginning  and  end  of  the 
process,  when  slight  delay  and  acceleration  respectively  occur. 

The  values  of  K,  the  monomolecular  reaction  rate  constant, 
obtained  with  the  different  specimens  of  urine  employed,  range 
from  0-0003  to  0-005  at  37°  C.,  from  0-0002  to  0-002  at  3i°C., 
and  from  o-oooS  to  0-0001  at  25°  C.  The  values  obtained  in  urine 
of  specific  gravity  roi5,  whose  reaction  to  litmus  paper  was  alkaline, 
are,  it  will  be  noted,  much  lower  than  those  obtained  in  acid  urine 
of  higher  specific  gravity. 

In  Table  27  the  value  of  the  constant  was  determined  for  each 
of  the  four  specimens  of  urine  employed.  The  values  obtained. 


59 


ranging  from  13,000  lo  30,000,  increased  as  the  specific  gravity 
increased  and  the  reaction  changed  from  alkaline  to  acid  v_to  htnuis 
paper).  In  the  last  column  the  values  of  K  are  recalculated  from  the 
value  of  M  obtained  and  from  the  mean  value  of  K  at  31°  C. ;  a  fair 
arn'cement  is  observable  between  the  values  found  and  calculated. 

to 


'r.Mii.F.  27.  Deti'i-niiaalitin  of  value  of  jjb  from  experiments  rccorclccl  in  Table  26. 
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51 
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In  Table  26  it  will  be  noticed  that  the  percentages  of  haemoglobin, 
remaining  undestroy^ed,  have  been  recalculated  in  columns  Sj  9 
13,  from  the  corresponding  values  of  /i,  taken  from  the  last  column 
of  Table  27.  The  difference  between  the  observed  and  calculated 
percentages  is  seen  to  be  inconsiderable,  except  when  destruction  of 
haemoglobin  exceeds  80  per  cent. ;  in  the  latter  case  the  percentages 
cannot  be  estimated  with  much  precision  owing  to  the  escape  of 
haemoglobin  from  the  red  cells.  Table  28  is  introduced  in  order  to 
permit  a  more  ready  comparison  of  the  values  of  K,  found  and 
calculated,  at  individual  temperatures.  The  values  of  n,  obtained  in 
Table  27,  enable  the  lowering  of  the  rate  of  destruction  of  haemo¬ 
globin,  caused  by  variation  of  temperature,  to  be  calculated.  Thus 
a  reduction  of  the  destruction  rate  to  takes  place  if  the  tempera¬ 
ture  is  lowered  from  37°  C.  to  31°  C.  when  /u  =  30,000  and  to 
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when  /X  —  13,600;  in  the  former  case  a  reduction  of  the  temperature 
of  37°  C.  by  one  degree  leads  to  a  reduction  of  the  rate  of  destruction 
from  I  to  0'855,  and  in  the  latter  case  from  i  to  0'g25.  The  same 
relationship  may  be  stated  in  another  way  :  the  rate  of  destruction 
of  haemoglobin  at  37°  C.  becomes  reduced  to  one  half  when  the 
temperature  is  lowered  5°  C.  if  /i  =  30,000,  and  when  the  tempera¬ 
ture  is  lowered  g°  C.  if  /i  13,600.  These  values  are  nearl)’  the 
same  as  those  obtaining'  m  the  actual  experiments. 


T.^bt.k  2S.  Comparison  of  valuc.s  of  K  at  different  temperatures.  Cp.  Table  27. 
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It  is  thus  seen  that  m  the  presence  of  urine  the  rate  of  destruction 
of  haemoglobin  contained  in  red  blood  cells  resembles  that  of  a 
monomolecular  process,  and  is  in  this  respect  similar  to  the  rate  of 
haemolysis  of  red  blood  cells  in  the  presence  of  quinine  in  the 
alkaloidal  state  (Tables  13  to  ig).  The  two  processes  are,  however, 
of  a  different  character,  the  foimer  being  apparently  a  direct  action 
upon  haemoglobin,  while  the  latter  seems  to  be  the  result  of  an  action 
directed  primarily  to  the  stromata  of  the  red  blood  cells. 


SUMMARY 

The  principal  points  in  the  above  investigation  may  be 
summarised  as  follows  ;  — 

I.  Quinine  bihydiochloride  and  quinine  m  the  alkaloidal  state 
produce  haemolysis  of  red  blood  cells,  as  do  also  hydrochloric  acid 
and  sodium  hydrate. 

2.  The  action  of  quinine  in  the  alkaloidal  state  in  producing 
haemolysis  resembles  a  catalytic  action. 


()I 

3.  Haernog-lobin  breaks  up  at  a  monomolecular  rate  under  the 
action  of  quinine  in  the  alkaloidal  state. 

4.  The  above-mentioned  four  haemolytic  agents  possess,  in 
equimolecular  concentration,  nearly  the  same  haemolytic  power, 
quinine  in  the  alkaloidal  state  being  weaker,  and  quinine  bihydro¬ 
chloride  stronger  than  hydrochloric  acid  and  sodium  hydrate,  which 
occupy  an  intermediate  position. 

5.  Owing  to  the  toxicity  of  quinine  its  concentration  in  the  blood 
cannot  reach  an  amount  sufficient  to  allow  of  its  direct  haemolytic 
action  on  red  cells  taking  place  during  life. 

6.  Ihe  red  blood  cells  during  blackwater  fever  are  not 
haemolysed  by  quinine  bihydrochloride  more  readily  than  in  health. 

7.  In  the  presence  of  urine  haemoglobin,  whether  contained  in 
red  blood  cells  or  in  solution,  is  broken  up.  In  the  former  case  this 
proceeds  at  a  monomolecular  rate,  no  haemoglobin  being  discharged 
from  the  red  cells  into  the  urine,  until  destruction  is  nearly  complete. 

8.  The  constant,  n,  for  the  haemolysis  of  red  blood  cells  was 

found  to  have  a  mean  value  of  15,000  for  a  0-00113  solution  of 
alkaloidal  quinine.  The  value  of  /i  for  the  destruction  of  haemo- 
globin  in  the  presence  of  urine  ranged,  in  the  experiments  made, 
from  13,000  to  30,000.  The  values  of  ranged  in  the  former 

cases  from  o  0026  to  o'OoS/,  and  in  the  latter  case  from  0-0026  to 
0-0039. 
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II.  THE  RELATION  OF  HAEMOLYSINAEMIA  TO  THE 
HAEMOGLOBINURIA  OF  BLACKWATER  FEVER. 

In  no  single  instance,  up  to  the  present  time,  has  the  mechanism 
of  production  of  haemoglobinuria  in  blackwater  fever  been 
established,  though  assertions  respecting  its  mode  of  production  are 
constantly  to  be  met  with  in  text-books  and  in  clinical  articles. 
The  only  form  of  haemoglobinuria,  of  which  the  mechanism  is  in 
part  known,  is  paroxysmal  haemoglobinuria,  and  before  proceeding 
further  it  will  be  of  advantage  briefly  to  recapitulate  the  facts  which 
have  recently  been  establi.shed  in  connection  with  the  mechanism 
of  production  of  this  condition.  In  1904  Donath  and  Landsteiner- 
showed  that,  in  the  intervals  between  the  attacks  of  haemoglobinuria, 
if  the  blood  rendered  fluid  by  potassium  oxalate,  or  a  mixture  of  the 
patient’s  serum  and  the  patient’s  washed  red  blood  cells,  was  cooled 
and  then  warmed  to  body  temperature,  a  marked  haemolysis  occurred, 
which  was  not  observed  if  the  blood  was  kept  at  body  temperature, 
without  previous  cooling.  The  red  blood  cells  of  the  patient  were 
found  to  be  normal,  and  might  be  replaced  by  foreign  human  red 
cells  ;  only  the  serum  or  plasma  is  changed,  and  the  haemolysin  could 
be  extracted  in  the  cold  from  the  serum  by  red  blood  cells,  which 
became  dissolved  when  the  serum  of  the  patient  or  normal  human 
serum  was  added,  the  reaction  being  completed  by  the  addition  of 
complement.  The  minimum  time  of  cooling  required  in  ice  cold 
water  was  five  to  ten  minutes  (in  one  case  two  minutes).  Cooling  to 
10°  C.  for  half  an  hour  was  followed  by  partial  haemolysis.  This 
condition  was  not  met  with  in  health,  nor  in  patients  suffering  from 
any  disease  other  than  paroxysmal  haemoglobinuria,  with  the 
exception  of  general  paralysis,  in  which  affection  it  was  found  that 
in  six  out  of  sixty-six  cases  the  same  reaction  was  Qbtained. 

Donath's  and  Landsteiner's  results  were  confirmed  and  their 
conclusions  disputed  by  Widal  and  Rostaine.t  who  have  arrived  at  a 
somewhat  different  interpretation  of  the  reaction  in  question.  These 

*  Uber  paroxysmale  Hamoglobiiiurie.  Miinch.  nieil.  Wocbensclir.,  1904,  No.  36.; 
Uber  paro.xysmale  Plamoglobiiuin'e,  Zeit.schr.  1.  Idiii.  jMediziii,  lyo6,  Bd.  58,  S.  173. 

t  Insufiisance  de  raatisensibilisatrice  dans  le  sang  de.s  liaemoglobinuriques.  Compte; 
reiidus  de  la  Societe  de  Biologie,  1905,  T.  1,  p.  321  ;  Insufiisance  de  rantiscnsibilisatiice 
dans  le  sang  d’un  haemoglobiiniiiqiie.  ibid.,  p.  372  ;  Serotherapie  prevenlive  de  I'aUaqiie  tie 
rh^tnoglobimiria  |)aroxystique,  ibid.,  p.  397. 
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authors  point  out  that  Bordet  had  demonstrated  the  existence  of 
‘  substance  antisensibilisatrice  ’  (anti-immune  body)  for  red  blood  cells, 
and  Metchnikoff  for  spermatoxine,  while  Besredka  has  shown  that 
red  blood  cells  remain  preserved  in  their  own  serum  in  consequence 
of  the  inhibitory  action  of  the  substance  ‘  antisensibilisatrice  ’  upon 
the  ‘  sensibilisatrice  ’  usually  present.  The  authors  have  come  to  the 
concluson  that  the  haemolysis  in  vitro  obtained  by  Donath  and 
Landsteiner  is  due  to  the  insufficiency  of  the  substance  ‘  antisensi¬ 
bilisatrice.’  They  appear  to  base  their  conclusion  upon  the  effect  of 
an  ‘antisensibilisatrice’  serum,  which  they  prepared,  one  drop  of 
which  inactivated  ten  drops  of  the  plasma  of  a  patient  suffering  from 
paroxysmal  haemoglobinuria,  to  which  three  drops  of  human  red 
cells  were  added.  The  antiserum  was  prepared  by  injecting,  three 
or  four  times,  massive  doses  of  the  serum  of  a  haemoglobinuric 
patient  into  animals.  The  authors  used  this  serum  with  complete 
success  to  arrest  haemoglobimiria  when  cold  was  applied  to  the 
patient’s  hands,  but  with  only  partial  success  when  the  test  was 
made  in  vitro. 

In  view  of  the  above  facts,  we  decided  to  ascertain  if  the  blood 
plasma  in  blackwater  fever  possessed  a  similar  haemolytic  property. 

Method.  Our  own  experiments  were  conducted  as  follows:  — 
The  patient’s  finger,  having  been  cleansed,  was  pricked  and  about 
ten  drops  (o'S  c.cm.)  of  blood  were  allowed  to  flow  into  a  small 
collecting  tube  containing  i  c.cm.  of  a  i  per  cent,  solution  of  potassium 
oxalate.  The  oxalated  blood  was  then  transferred  by  means  of  a 
fine  pointed  pipette  to  a  small  centrifugal  tube.  After  centrifugalisa- 
tion  the  plasma  was  pipetted  off  and  put  into  another  tube.  The 
red  cells  were  then  made  up  into  a  2' 5  per  cent,  emulsion  in  O’Q  per 
cent,  sodium  chloride  solution,  and  of  this  one  part  was  added  to 
nineteen  parts  of  the  oxalated  plasma,  so  that  the  ratio  of  the  weights 
of  the  wet  red  cells  and  plasma  respectively  would  be  one  to  seven 
hundred  and  fifty.  In  some  of  the  experiments,  as  Tables  29  and  30 
show,  human  red  cells  not  taken  from  the  patient  were  employed. 
In  some  of  the  later  experiments  also  red  blood  cells  were  added  in 
such  an  amount  as  to  produce  a  thin  emulsion,  without  reference  to 
the  exact  proportion  of  red  cells  present.  The  tube  containing  the 
plasma  and  red  cells  was  then  put  into  a  freezing  mixture  obtained 
by  adding  solid  ammonium  nitrate  to  water  contained  in  a  beaker. 


which  was  placed  in  a  second  larger  beaker,  surrounded  by  cotton 
wool  and  supported  on  cork.  Between  the  two  beakers  an  air  space 
existed,  as  shown  in  Fig.  i.  A  thermometer  dipped  into  the 
ammonium  nitrate  mixture  was  used  for  stirring  up  the  solid  salt 
from  time  to  time  as  required.  In  this  way  the  temperature  of  the 
mixed  plasma  and  red  cells  was  kept  at  o°  C.  to  5°  C.  If  desired  a 
temperature  below  0°  C.  could  have  been  maintained.  The  time 
elapsing  between  collecting  and  centnfugalising  the  blood  was  in 
most  cases  about  six  minutes  ;  that  between  pipetting  off  the  plasma 
and  cooling  it  in  the  freezing  mixture  was  generally  about  twenty 
minutes  to  two  hours.  While  in  the  freezing  mixture  the  red  cells 
were  once  or  twice  distributed  in  the  plasma  by  stirring  with  a 
capillary  glass  rod.  After  being  kept  in  the  freezing  mixture  for 
half  an  hour,  the  tube  containing  the  plasma  and  red  cells  was  put 
for  three  hours  in  an  incubator  kept  at  37°  C.,  the  red  cells  being 
stirred  from  time  to  time  with  a  glass  rod  as  before. 
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I'lG.  I.  Apparatus  employed  for  testing  haemolytic  property  of  blood 

plasma. 
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Table  29.  Experiments  made  to  ascertain  if  a  haemolytic  action  on  red  blood  cells  could  be  obtained  with 
the  blood  plasma  of  individuals  suffering  from  blackwater  fever. 


No.  of 
Obser¬ 
vation 

Case 

Condition  of  subject 

Ratio  of 
oxalated 
plasma  to 

-  5  /q 
emulsion 
of  red  cells 

Mixture 
kept  at 

For 

Then 
kept  at 

37°  c. 
for 

Result 

I 

2 

Sixteen  hours  before  attack  of  black- 
water 

20  :  r 

o°C.-+°C. 

30  min. 

3  hours 

No  isolysin  present 
in  blood  plasma 

2 

Two  hours  before  attack  of  blackwater 

During  attack  of  blackwater  ... 

,, 

4 

At  end  of  attack  of  blackwater 

I' 

15 

55  15 

5 

n 

Six  days  later  ... 

51 

51 

15 

6 

3 

'Fwenty  hours  before  attack  of  haemo- 
globinuria 

15 

No  autolysin  present 
in  blood  plasma 

15 

7 

55 

During  attack  of  haemoglobinuria  ... 

•5 

15 

S 

During  attack  of  haemoglobinuria  ... 

,, 

5' 

M 

9 

n 

At  end  of  attack  of  haemoglobinuria... 

,, 

1* 

10 

4 

'Fhree  days  after  attack  of  haemo¬ 
globinuria 

*5 

55  a. 

i  I 

5J 

Two  days  after  relapse  of  haemo¬ 
globinuria 

55 

5’ 

11  15 

12 

s 

Twelve  hours  after  disappearance  of 
haemoglobinuria 

55 

5* 

5’  55 

‘3 

6 

At  end  of  attack  of  haemoglobinuria 

55 

No  isolysin  present 
in  blood  plasma 

14 

6a 

During  attack  of  blackwater  ... 

55 

55 

55 

No  autolysin  present 
in  blood  plasma 

7 

During  attack  of  blackwater . 

„ 

5>  '5 

16 

7« 

During  attack  of  haemoglobinuria  ... 

■7 

8 

During  attack  of  haemoglobinuria  . . . 

18 

9 

Four  days  after  attack  of  haemo¬ 
globinuria 

'I 

*5 

Complete  haemo¬ 
lysis  of  red  cells* 

‘9 

?? 

Two  months  later 

55 

,, 

55 

No  autolysin  present 
in  blood  plasma 

20 

10 

During  attack  of  haemoglobinuria  ... 

,, 

21 

5) 

During  relapse  of  haemoglobinuria  ... 

22 

1  I 

During  attack  of  haemoglobinuria  ... 

23 

-A,t  end  of  attack  of  haemoglobinuria 
(during  suppression) 

55 

5* 

5' 

55 

24 

» 

Three  days  later  (during  suppression] 

25 

12 

At  end  of  attack  of  haemoglobinuria 

" 

55 

>' 

Haemolysis  of  red 
cellsf 

26 

One  day  later  .’. . 

-• 

5> 

No  autolysin  present 
in  blood  plasma 

27 

14 

At  end  of  attack  of  liaemoglobinuria 

,, 

55 

28 

'5 

During  attack  of  haemoglobinuria  ... 

29 

During  attack  of  haemoglobinuria 
(during  partial  suppression) 

n 

■’ 

'■ 

n 

30 

16 

At  end  of  attack  of  haemoglobinuria 

5« 

” 

55 

*5  55 

No  turbidity,  smell  or  other  indication  of  putrefaction.  Blood  plasma  examined  ten  hours  after  collection. 
Room  temperature  28*5°  C. 

t  Bacteria  present  in  blood  plasma,  which  was  examined  tw'enty-four  hours  after  collection. 
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In  1  able  2g  the  result  of  testing,  by  the  method  above  described, 
the  plasma  m  sixteen  attacks  of  blackwater  fever,  before,  during  and 
shortly  after  the  paroxysm,  is  given,  the  examination  being  usually 
made  within  an  hour  of  the  withdrawal  of  blood.  In  addition,  twenty- 
eight  other  observations  upon  healthy  individuals,  and  also,  for  the 
sake  of  comparison,  upon  ten  cases  of  malaria,  are  recorded  in  Table 
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Table  30.  Experiments  made  to  ascertain  if  a  h-ieniolylic  action  on  red  blood  cells  could 
be  obtained  with  the  blood  plasma  of  individuals  suffering  from  malarial  and  other 
affections.  Normal  plasma  Is  also  employed  in  eleven  observations. 


Ratio 
of  oxa- 
lated 
plasma 
to  2-5% 
emulsion 
of  red 
cells 

Mixture 
kept  at 

For 

Then  kept 
at  37°C. 
for 

.  20  :  1 

o'‘C.-4°C. 

30  min. 

3  hrs. 

11 

11 

JJ 

•  M 

• 

i> 

1’ 

J) 

*  jj 

J) 

11 

11 

J1 

11 

11 

?3 

11 

41 

'1 

n 

11 

1J 

11 

11 

•> 

JJ 

” 

11 

51 

4J 

31 

11 

1) 

JJ 

1) 

11 

„ 

JJ 

4? 

4' 

11 

51 

>1 

1) 

n 

11 

1' 

11 

JJ 

11 

1? 

J) 

11 

n 

J4 

?i 

11 

11 

TJ 

JJ 

1’ 

11 

11 

JJ 

51 

11 

11 

JJ 

11 

>1 

J) 

JJ 

11 

JJ 

11 

ji 

11 

11 

11 

JJ 

11 

11 

11 

JJ 

11 

’1 

J1 

J) 

11 

11 

11 

J) 

No.  of 
Obser¬ 
vation 


Condition  of  subject 


1 

Healthy  ... 

2 

,,  4  days  later 

3 

,,  10  days  late 

4 

Healthy 

5 

„  2  days  later 

6 

„  5  days  later 

7 

Healthy  . 

8 

Healthy 

9 

Healthy  (Native) 

10 

Healthy  ... 

t  I 

Healthy  ... 

12 

Typhoid  ... 

13 

Pyrexia  (Native)  ... 

14 

Pleurisy  (Native) 

‘5 

Bullous  eruption  on 

16 

and  legs  (Native) 
Pneumonia  (Native) 

17 

Malaise  ("Native)  ... 

18 

Malaria 

'9 

Uraemia,  T.  106°  F. 

20 

Malaria 

21 

,,  next  day  ... 

Result 


22 

23 

24 

25 

26 

27 

28 


Malaria,  T.  104°  F. 

Malaria  (Indian)  ... 

bilious  fever 

Malaria 

Malaria 

Malaria 

Malaria 


No  autolysin  present 
in  blood  plasma 


No  isolysin  present 
in  blood  plaitma 


■K  • 

No  autolysin  prest 
in  blood  plas: 
No  isolysin  presi 
in  blood  plasi 


No  autolysin  present 
in  blood  plasma 
No  isolysin  present 
in  blood  plasma 
Slight  haemolysis  of 
red  cells  * 

No  isolysin  present 
in  blood  plasma 


Partial  clotting  of  blood  occurred  during  collection. 
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It  will  be  seen  that  in  all  cases,  with  one  exception,  a  negative 
result  was  obtained.  In  the  cases  of  blackwater  fever  this  negative 
result  occurred,  not  only  when  the  patient’s  plasma  obtained  during 
haemoglobinuna  (twelve  observations  :  3,  7,  8,  14,  15,  16,  17,  20,  21,  22, 
28,  29)  was  used,  but  also  when  that  obtained  both  before  blackwater 
appeared  (three  observations;  i,  2,  6)  and  (with  one  exception) 
shortly  after  haemoglobinuria  had  disappeared  (nine  observations: 

4,  9,  10,  12,  13,  23,  25,  27,  30),  as  also  (with  one  exception)  some 
time  after  complete  recovery  had  taken  place  (six  observations . 

5,  II,  18,  19,  24,  26).  From  these  experiments  the  important 
conclusion  follows,  that  the  mechanism  of  production  of  blackwater 
stands  in  an  altogether  different  category  from  that  of  paroxysmal 
haemoglobinuria.  The  presence  of  haemolysin  or  of  defect  of 
antilysin  in  the  plasma,  which  is  present  in  the  latter  case,  is  absent 
in  blackwater  fever,  where,  therefore,  search  must  be  made  for  other 
factors. 

Table  30  shows  that,  as  might  be  expected  from  the  behaviour 
of  the  plasma  of  the  blackwater  fever  patients,  who  had,  in  all  the 
cases  we  examined,  been  the  subjects  of  malaria,  usually  having  had 
frequently  repeated  attacks,  a  negative  result  was  also  obtained  in 
all  but  one  of  the  cases  of  malaria  dealt  with  (nine  observations, 
18,  20,  21,  22,  23,  25,  26,  27,  28). 

In  three  cases  a  positive  result  was  obtained.  1  he  first  occurred 
in  a  patient  suffering  from  blackwater  fever,  the  plasma  being  taken 
four  days  after  the  cessation  of  haemoglobinuria  (18,  Table  29). 
When  the  plasma  mixed  with  the  patient’s  red  cells  was  placed,  after 
cooling  for  half  an  hour,  in  the  incubator,  slight  haemolysis  was 
visible  at  the  end  of  twenty  minutes,  and  complete  haemolysis  had 
occurred  at  the  end  of  an  hour  and  a  half.  When  an  examination  of 
the  same  patient’s  plasma  was  made  two  months  later,  when  he  was 
in  good  health,  though  still  troubled  with  occasional  malarial  attacks, 
a  negative  result  was  obtained  (19,  Table  29).  The  positive  result 
obtained  in  this  case  was  quite  exceptional,  and  does  not  affect  the 
general  conclusion  obtained  with  the  rest  of  the  blackwater  fever 
cases.  The  second  case  (25,  Table  29)  occurred  in  another  patient 
at  the  close  of  haemoglobinuria.  In  this  case  the  examination  was 
made  twenty-four  hours  after  collection  of  blood,  and  bacteria  were 
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present,  so  that  no  conclusion  as  to  presence  or  absence  of 
haemolysin  in  the  patient’s  blood  can  be  drawn.  It  may  here  be 
observed  that  the  growth  of  bacteria  in  oxalated  plasma  is  not 
necessarily  attended  with  haemolysis  of  red  cells  contained  in  the 
plasma  ;  in  contaminated  plasma  haemolysis  is  sometimes  observed, 
but  is  not  Linfrequently  absent.  The  third  case  (25,  Table  30)  occurred 
with  a  malarial  patient’s  blood.  Haemolysis  was  slight,  and  next 
day,  on  repeating  the  observation,  no  haemolysis  was  obtained. 

The  blood  plasma  of  two  oxen  suffering  from  Texas  fever  was 
examined,  on  the  day  before  death,  during  the  passage  of  redwater. 
No  autolysin  was  present  in  either  case. 

The  blood  plasma  of  two  dogs  suffering  from  piroplasmosis,  both 
passing  urine  free  from  haemoglobin,  was  also  examined.  In  each 
case  no  autolysin  was  found. 


SUMMARY 

The  haemoglobinuria  of  blackwater  fever  is  not  dependent  upon 
haemolysinaemia. 
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III.  THE  RELATION  OF  HAEMOGLOBINAEMIA  TO 
HAEMOGLOBINURIA  IN  BLACKWATER  FEVER. 

In  the  preceding  sections  it  has  been  shown  that  the  haeino- 
globinuria  of  blackwater  fever  cannot  be  attributed  to  the  direct 
action  of  quinine  on  the  red  cells  contained  in  the  blood,  nor  is  it 
associated  ordinarily  with  the  possession  of  a  haemolytic  power  by 
the  patient’s  blood  plasma.  These  two  possible  factors  in  the 
mechanism  of  production  of  haemoglobinuria  having  been  excluded, 
the  way  is  clear  for  the  consideration  of  the  relationship  of  haemo¬ 
globinuria  to  haemoglobinaemia.  Upon  this  point  there  is  no 
consensus  of  opinion  among  writers,  nor  have  different  observers 
obtained  concordant  results  respecting  the  existence  of  haemoglobin¬ 
aemia  in  blackwater  fever.  Berthier*  and  Hymans  van  der  Berght 
were  unable  to  observe  red  tinted  serum  during  blackwater,  though 
on  spectroscopical  examination  oxyhaemoglobin  bands  were 
obtained ;  A.  PlehiiJ  found  dissolved  haemoglobin  and  also  bile 
pigment  in  the  blood  plasma  during  blackwater  ;  Bignami§  found  no 
dissolved  haemoglobin  in  the  blood  plasma  during  blackwater ; 
Murri,^  who  is  of  opinion  that  haemoglobin  cannot  pass  through  the 
kidneys  until  the  renal  epithelium  has  undergone  changes,  states  that 
haemoglobinaemia  may  persist  for  hours  before  haemoglobinuria 
appears.  Stephensll  states  guardedly:  ‘Not  infrequently  the  serum 
shows  no  trace  of  haemoglobin,  although  the  haemoglobinuria  may 
be  actually  increasing.  Haemoglobinaemia  does  however  occur.’ 
No  quantitative  determination  of  the  amount  of  haemoglobin  in  the 
blood  plasma  in  blackwater  fever  appears  to  have  been  made  by  any 
observer,  however,  and  the  views  held  in  this  connection  appear  to 
have  been  based  entirely  upon  inspection  of  the  serum.  The  only 

*Quoted  by  Marchiafava  and  Bignami,  Malarial  Haemoglobinuria,  Twentieth 
Century  Practice  of  Medicine,  London,  igoo,  Vol.  ig,  p.  483. 

t  Bydrage  tot  de  kennis  der  Zwartwaterkort.s,  Nederl.  Tydschrift  voor 
Geneeskunde,  1904. 

J  Aliologie  unci  Pathologenese  des  Scbwarzwasserfiebcr.s.  Virch.  Arch..  1903. 
B.  174,  S.  509. 

^  Marchiafava  and  Bignami,  loc.  cit. 

ITQuoted  by  Marchiafava  and  Bignami,  loc.  cit. 

||A  System  of  Medicine.  Allbutt  and  Rolleston,  Vol.  II,  Pt.  2,  p.  297, 
London,  1907. 
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experimental  work  dealing  with  the  relationship  in  question  seems  to 
be  that  of  Ponfick,*  who  found  that  in  haernoglobinaemia,  haenio- 
globinuria  occurred  onty  when  the  amount  of  haemoglobin  set  free 
m  the  blood  exceeded  one-sixtieth  of  the  total  amount  contained  in 
the  red  cells.  If  less  were  set  free,  then  the  activity  of  the  liver  was 
sufficient  to  convert  the  haemoglobin  into  the  constituents  of  the 
bile,  in  particular  into  bile  colouring  matter,  whereby  hypercholia, 
icterus  and  dark  coloration  of  the  urine  were  produced. 

The  reinvestigation  of  this  subject,  which  it  was  decided  to 
undertake,  includes  two  distinct  enquiries;  (l)  Is  haernoglobinaemia 
present  m  blackwater  fever?  (2)  Is  haemoglobinuna  readily  producible 
as  the  result  of  haernoglobinaemia,  and,  if  so,  is  there  any  quantitative 
relationship  between  the  two  ? 

The  first  enquiry  involved  the  examination  of  the  blood  plasma 
in  blackwater  fever  before,  during  and  shortly  after  the  haemo- 
globinuria.  As  control  observations  the  plasma  of  normal  persons, 
who  had  never  had  blackwater  fever,  was  examined,  and  in  order  to 
afford  further  comparison  the  plasma  of  individuals  suffering  from 
malaria  and  other  morbid  conditions  was  studied. 

Method.  The  mode  of  examination  was  as  follows: — The  finger, 
having  been  previously  carefully  cleansed  and  dried,  was  pricked 
with  a  bayonet  pointed  needle  and  blood  allowed  to  fall  drop  by 
drcp  into  a  collecting  vessel  containing  o'  i  c.cm.  of  a  i  per  cent, 
solution  of  potassium  oxalate,  about  O' 5  c.cm.  (ten  drops)  of  blood 
being  collected.  Without  any  delay  the  oxalated  blood  was  centri- 
fugalised  until  the  red  cells  were  completely  precipitated.  The 
supernatant  plasma  was  pipetted  off  and  transferred  to  a  small  glass 
cylinder  1 8  mm.  high  and  4  mm.  in  internal  diameter.  This  was 
then  placed  under  a  double  spectroscope,  a  cell,  the  height  of  which 
could  be  varied,  filled  with  a  solution  of  haemoglobin  of  suitable 
concentration,  being  placed  in  the  path  of  the  second  spectrum,  and 
the  height  of  the  column  of  the  solution  it  contained  altered  until 
the  oxyhaemoglobin  bands  which  it  produced  matched  in  point  of 
intensity  those  given  by  the  plasma.  The  concentration  of  the 
haemoglobin  solution  was  determined  by  means  of  a  haemoglobino- 
meter  reading,  the  absolute  values  of  the  scale  of  the  instrument 

*Virch.  Arch.,  1875,  Berl.  kl.  Wochenschr.,  1883,  No.  26. 
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having  been  determined  m  terms  of  the  red  cells  (in  the  moist 
condition)  of  one  of  us  taken  as  a  standard. 

When  healthy  human  blood  was  collected  m  the  manner  above 
described,  the  plasma  was  found  to  be  light  orange  coloured  and  to 
present  no  trace  of  a  red  tint  in  a  tube  of  about  5  mm.  internal 
diameter.  If  examined  by  the  spectroscope  in  a  column  18  mm.  high, 
o.xyhaemoglobm  bands  were  always  found,  not  unficPjuently,  it  is  true, 
on  the  threshold  of  visibility.  When  matched  with  a  solution  of 
haemoglobin,  the  amount  present  was  represented  by  percentages  of 


Table  31.  Exammation  of  oxalatcd  blood  plasma,  for  the  presence  of  dissolved  haemo- 
globirij  in  healthy  raen. 


No.  of 
Obser¬ 
vation 

Contlition  of  subject 
supplying  plasma 

Amount 
of  blood  : 
amount  of 
potassium 
oxalate 
solution 

Colour  of  oxalated 
plasma  in  a  layer 
3  mm.  thick 

r 

Healthy  . 

4  :  1 

Orange 

z 

„  (twelve  days  later) 

Orange 

3 

„  (nine  months  later) 

Light  orange 

4 

llealtliv 

M 

Light  orange 

5 

„  (one  day  later) 

Light  orange 

6 

„  (seven  days  later)  ... 

,, 

Light  orange 

7 

Healthy  . 

11 

Light  orange 

Length  of 
column 
examined 
with 

spectroscope 

Percentage  of 
haemoglobin 
in  the  blood 
plasma 

18  mm. 

0-^5  % 

°’i3% 

11 

o’'5% 

0-10% 

O' >3% 

11 

0-13% 

0-10% 

red  cells  ranging  from  0-25  per  cent,  to  O'lO  per  cent,  or  less  (Table 
31).  When  the  serum  is  light  orange  in  colour  the  limit  of  visibility 
of  the  oxyhaemoglobin  bands,  it  may  be  observed,  is  in  a  column 
18  mm.  high  about  0'02  per  cent,  in  daylight  of  moderate  intensity. 
The  haemoglobin  present  was  not  due  to  the  red  blood  cells  having 
been  incompletely  removed  by  centrifugalisation,  for  microscopical 
examination,  aided  by  further  centrifugalisation,  failed  to  reveal  the 
presence  of  red  cells,  while  in  concentrations  of  O’  i  per  cent,  or  more, 
due  to  the  presence  of  red  cells,  the  plasma  was  obviously  turbid  to 
the  naked  eye,  and  when  examined  with  a  hand  lens  red  cells  were 
readily  seen  in  fair  abundance.  On  the  other  hand,  it  is  clear  that 
the  amount  of  haemoglobin  present  is  dependent  to  some  extent 
upon  the  technique,  for  if  two  samples  of  blood  are  withdrawn  from 
the  finger  in  succession,  the  intensity  of  the  bands  in  the  plasma 
will  be  found  as  a  rule  to  exhibit  some  variation,  which  is,  however, 
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relatively  slight  in  amount.  The  cause  of  such  variation  is  not  easy 
to  determine.  The  amount  of  squeezing  to  which  the  finger  may  be 
subjected  stands  in  no  definite  relation  to  the  intensity  of  the  bands 
present,  though  mechanical  injury  to  the  red  cells,  as  in  whipping 
blood,  produces  some  degree  of  laking  ;  nor  does  the  length  of  time 
(up  to  one  and  a  half  hours)  during  which  the  oxalated  blood  is 
kept  before  cenfrifugalisation  ordinarily  affect  the  strength  of  the 
bands  in  any  definite  manner.  The  only  circumstance  which 


Table  32.  Examination  of  oxalated  blood  plasma,  for  the  presence  of  dissolved  haemo¬ 
globin,  in  patients  not  suffering  from  blackwater  fever. 


No.  of 
Obser¬ 
vation 

Condition  present  in 
subject  supplying  plasma 

Amount 
of  blood  ; 
amount  of 
potassium 
oxalate 
solution 

Colour  of  oxalated 
plasma  in  a  layer 

3  mm.  thick 

I-ength  of 
column 
examined 
with 

spectroscope 

Percentage  of 
haemoglobin 
in  the  blood 
plasma 

I 

Malaria  (Indian) 

4  :  I 

Light  orange 

18  mm. 

0-3'  % 

2 

T.  101°  F . 

'J 

Light  orange 

„ 

°->3% 

3 

Gumraata  of  livt^r  ... 

Light  orange 

o-'3% 

4 

Herpes  Zoster 

3’ 

Light  orange 

0T0% 

5 

Malaria  . 

3? 

Light  orange 

°->3% 

6 

Malaria 

M 

Light  orange 

0-10% 

7 

„  (six  days  later) 

33 

Light  orange 

0-10% 

8 

,,  (seven  days  later) 

Light  orange 

°’3'  % 

9 

Malaria  (Indian) 

Light  orange 

o-o6% 

TO 

Malaria  ...  . 

Light  orange 

°-'3% 

I  T 

Typhoid 

Light  orange 

o-i6% 

12 

IVIalaria 

33 

Light  orange 

0-02  % 

'3 

Malaria 

33 

Dark  orange 

°'°9  % 

'4 

„  (one  day  later) 

33 

Dark  orange 

0-20  % 

15 

Diarrhoea 

Light  orange 

°'°5  % 

16 

T.  102°  F . 

3* 

Light  orange 

0-04  % 

'7 

Dysentery  . 

33 

Orange 

0'i6% 

18 

Dysentery 

35 

Light  orange 

0-04  % 

Malaria 

53 

Light  orange 

°'’5% 

20 

Malaria 

33 

Orange 

21 

Malaria 

33 

Light  orange 

35 

0-07  % 

constantl}^  affected  the  haemoglobin  bands  was  the  occurrence  of 
clotting.  If  a  clot  formed,  the  serum  expressed  always  showed 
stronger  haemoglobin  bands  than  the  plasma,  and  if  a  sterile  clot  was 
allowed  to  stand  for  three  hours  the  serum  in  contact  with  it  usually 
showed  in  a  thickness  of  5  mm.  to  7  rom.,  a  reddish  tint  just 
recognisable  with  the  naked  eye.  The  haemoglobin  bands,  moreover, 
are  deepest  in  those  portions  of  the  serum,  which  are  last  exuded. 
If  the  clot  is  broken  up  with  a  glass  rod  the  red  coloration  becomes 
deeper. 
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Table  33.  Examination  of  oxalated  blood  plasma,  for  the  presence  of  dissolved  haemoglobin,  in  blackwatei 

fever  patients. 


No.  of 
Obser- 
vation 

Condition  of  subject  supplying  plasma 

Amount 
of  blood  : 
amount  of 
potassium 
oxalate 
solution 

Colour  of  oxalatec 
plasma  in  a  layer 
3  mm.  thick 

Length  of 
column 
examined 
with 
spectro¬ 
scope 

Percentage  of 
haemoglobin 
in  blood 
plasma 

i 

Case  2 — Sixteen  hours  before  attack  of  blackwater 

4 : ' 

Dark  orange 

18  mm. 

°-'i% 

2 

,,  Two  hours  before  attack  of  blackwatcr 

n 

Dark  orange 

o-'3% 

„  During  attack  of  blackwater 

„ 

Dark  orange 

„ 

013% 

4 

„  At  end  of  attack  of  blackwater... 

Dark  orange 

0-13% 

5 

Case  3 — Twenty  hours  before  attack  of  haemo- 
globinuria 

Dark  orange 

o-i6% 

6 

,,  During  attack  of  haemoglobinuria 

n 

Dark  orange  with 
reddish  tint 

0-57% 

7 

,,  During  attack  of  haemoglobinuria 

•? 

Dark  orange  with 
reddish  tint 

V 

040% 

S 

,,  At  end  of  attack  of  haemoglobinuria  ... 

Orange 

o-oS  % 

0 

„  Twenty-four  hours  later 

,, 

Orange 

?3 

o-oS  % 

10 

„  Seven  day.s  later 

,, 

Light  orange 

0-.,% 

r  I 

Case  4. — At  end  of  attack  of  haemoglobinuria  ... 

>3 

Dark  orange 

o-o6% 

12 

,,  Two  days  after  a  relapse  of  haemo¬ 

globinuria 

Light  orange 

11 

o-o6  % 

13 

Case  5 — At  end  of  attack  of  haemoglobinuria  ... 

'J 

Light  orange 

o-‘3"o 

14 

Case  6- — ^At  end  of  attack  of  haemoglobinuria  ... 

,, 

Dark  orange 

o-'3% 

15 

Case  6a — At  end  of  attack  of  blackwater 

Light  orange 

o- 1 6  % 

16 

Case  7 — During  attack  of  blaclavater 

Dark  orange 

■7 

„  During  convalescence,  three  days  l.ater 

Case  7a — During  attack  of  haemoglobinuria 

Liffht  orange 

o-o6% 

18 

1) 

Dark  orange  with 
reddhh  tint 

‘1 

0-74% 

19 

Case  8 — -During  attack  of  haemoglobinuria 

Dark  orange 

O' 13% 

20 

,,  At  end  of  attack  of  haemoglobinuria  ... 

Dark  orange 

0-07  % 

21 

Case  10 — During  attack  of  haemoglobinuria 

Dark  orange  with 
reddish  tint 

}' 

0-85% 

22 

,,  Towards  close  of  attack  of  haemo¬ 

globinuria 

U 

Dark  orange 

11 

0  09 

23 

„  During  slight  relapse  of  haemo¬ 

globinuria 

n 

Dark  orange 

JJ 

0-30% 

24 

„  During  another  slight  relapse  of  haemo¬ 

globinuria 

Dark  orange 

M 

0-20% 

25 

Case  II — Towards  close  of  attack  of  haemo¬ 
globinuria 

Dark  orange 

J’ 

0-25% 

26 

„  At  end  of  attack  of  haemoglobinuria 

(during  suppression) 

TJ 

Dark  orange 

)> 

ot6% 

27 

„  Three  days  later  (during  suppression)... 

Light  orange 

0-10% 

28 

Casfr  12 — .A.t  end  of  attack  of  haemoglobinuria  ... 

Dark  orange 

0-20% 

29 

„  Next  day  . 

Orange 

°'’4% 

30 

Case  14 — During  attack  of  haemoglobinuria 

Light  red 

0'57  ”0 

3' 

„  Ten  hours  after  close  of  attack 

Orange 

o-'iS% 

32 

Case  14a — Towards  close  of  attack  of  haemo¬ 
globinuria 

Dark  orange 

IT 

0-20% 

33 

Case  15 — During  attack  of  haemoglobinuria 

11 

Dark  orange  with 
reddish  tint 

0-56  "0 

34 

,,  During  attack  of  haemoglobinuria 

Dark  orange 

0'42  % 

35 

Case  16 — At  end  of  attack  of  haemoglobinuria  ... 

Dark  orange 

36 

Case  17 — During  attack  of  haemoglobinuria 

Dark  orange  with 
reddish  tint 

51 

0-65  % 

37 

,,  During  attack  of  haemoglobinuria 

’1 

Dark  orange  with 
reddish  tint 

T’ 

0  67  % 

38 

,.  During  attack  of  haemoglobinuria 

Dark  orange  with 
reddish  tint 

M 

0-95% 

39 

,,  During  attack  of  haemoglobinuria 

■■ 

Dark  orange  with 
reddish  tint  ' 

0-48  % 

40 

„  At  end  of  attack  of  haemoglobinuria  ... 

Dark  orange  i 

»  1 

o-.8% 
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When  the  blood  of  indi\'iduals,  not  in  normal  health,  but  suffering 
from  malaria  or  other  affections  met  with  m  the  tropics,  was  examined 
it  was  found  that  the  variations  in  the  amount  of  haemoglobin 
dissolved  in  the  blood  plasma  lay  within  much  the  same  limits  as  in 
health  (Table  32).  Thus  in  fourteen  cases  of  malaria  the  percentage 
of  dissolved  haemoglobin  in  the  blood  plasma  ranged  in  twelve  cases 
between  0'02  per  cent,  and  o-20  per  cent.,  but  reached  in  two  cases 
the  somewhat  high  degree  of  0-31  per  cent,  (in  neither  of  the  two 
latter  did  blackwater  fever  make  its  appearance) ;  in  the  remaining 
seven  cases  (dysentery,  diarrhoea,  etc.)  the  range  was  between  0^04 
per  cent,  and  O' 16  per  cent.  It  may  here  be  noted  that  in  perfectly 
healthy  rabbits  and  oxen  we  have  failed  to  find  dissolved  haemoglobin 
in  the  oxalatecl  blood  plasma.  Examined  in  the  above  described 
manner  it  was  found  that  the  blood  plasma  in  blackwater  fever  gave 
l^ercentages  of  dissoh'ed  haemoglobin  ranging  from  less  than  o'o6  per 
cent,  to  095  per  cent,  (fable  33).  The  number  of  cases  examined 
was  seventeen,  and  the  number  of  estimations  made  amounted  to 
forty.  The  observations  fall  into  three  classes:  those  made  before, 
after  and  during  the  passage  of  blackwater,  In  the  first  class,  which 
includes  only  three  observations  (i,  2,  5),  the  percentage  of  dissolved 
haemoglobin  was  0-13  per  cent,  or  less.  In  the  second  class,  which 
includes  eighteen  observations  (4,  8,  9,  10,  ii,  12,  13,  14,  15,  17,20,26, 
27,  28,  29,  31,  35,  40),  usually  made  shortly  after  the  close  of  the  attack, 
the  percentage  of  dissolved  haemoglobin  was  from  0'20  per  cent,  to 
0  06  per  cent.  In  the  third  class,  consisting  of  nineteen  observations 
given  in  Table  33  m  thick  type,  the  percentage  of  dissolved 
haemoglobin  was  in  twelve  (6,  7,  18,  21,  23,  30,  33,  34,  36,  37,  38,  39) 

cases  raised  lying  between  o'ps  per  cent,  and  0-30  per  cent  •  in  the 
remaining  seven  (3,  16,  19,  22,  24,  25,  32)  observations  it  lay  within 
the  limits  met  with  in  health,  namely.  0-25  per  cent,  to  o'og  per  cent 
With  regard  to  the  latter,  it  must  be  remarked  that  although  in  these 
observations  the  first  specimen  of  urine  voided  after  the  examination 
of  the  blood  plasma  contained  haemoglobin,  as  will  be  seen  by 
reference  to  the  clinical  histories  on  pp.  176  to  246  ;  nevertheless  it 
does  not  follow  that  the  urine  which  was  being  excreted  at  the  time 
of  examination  of  the  blood  plasma  then  contained  haemoglobin. 
It  IS  possible,  if  not  probable,  that  in  some  cases  the  haemoglobin 
had  already  disappeared,  though,  owing  to  the  relatively  long  intervals 
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at  which  the  patient  passed  urine,  this  did  not  become  evident.  'Much 
variation,  it  may  be  observed,  was  exhibited  in  respect  of  the  passage 
of  urine,  in  some  attacks  urine  being  passed  frequently,  in  others 
retained  long  in  the  bladder.  Failure  to  observe  haemoglobinaemia— 
assuming  for  the  moment  that  this  is  constantly  present  during 
haemoglobinuria,  a  point  which  will  be  further  considered  on  pp. 
86  to  8g— would,  therefore,  be  expected  to  occur  in  a  certain 
proportion  of  the  cases  examined  during  the  passage  of  urine 
containing  haemoglobin. 


■rAT)i.E  34  Examination  of  blood  plasma  for  the  presence  of  dissolved  haemoglobin, 
during  haemoglobinuria  of  blackwater  fever.  Selected  from  Table  33. 


No.  of 
obser¬ 
vation 


Case 


Percent¬ 
age  of 
haemo¬ 
globin 
in  plasma 


Condition  of  urine  at  time  of  collecting  plasma. 


3 


16 

19 

22 

25 

32 


2 


7 

8 

ro 
1 1 
i+a 


o-'3% 


0-13% 

°-i3% 

O’og  % 

0-25  % 
0-20% 


On  centrifugalising  the  urine  the  supernatant  liquid  was  found  to  be 
brown  in  colour,  gave  no  oxyhacraoglobin  hands,  but  yielded 
jig  col.  of  brown  precipitate  on  boiling  after  acidification  with 
acetic  acid  (=  about  0-2%  of  haemoglobin). 

Similar  to  above 

Urine  contained  o-t  %  of  dissolved  haemoglobin.  See  Eig.  12 
))  °'°3  %  >1  11  '  3 

u  °'9  %  ”  ”  ’  + 

u  t)-24%  „  '»  *7 


6 

7 

18 

21 

23 

H 

3° 

33 

34 

36 

37 
3« 
39 


3 

0-57% 

0-40  % 

>5 

7a 

°74  % 

?? 

TO 

% 

0-30% 

if 

0-20  % 

H 

°-57% 

» 

15 

°-56% 

)) 

o-r-  % 

17 

°-^5  % 

)) 

0-67  0/0 

)) 

°-95  % 

5> 

0-48% 

5> 

1-2% 

■•3  % 

0-4%  to  i-i  % 
I  • '  % 
f5% 

0'4% 

>•5% 

'■3% 

°7% 

3-'% 

■•4% 

>■9% 

°-5% 


13 


i1 

V 


)y 

16 

18 


„  20 

n  » 

5>  n 


Further  support  to  this  view  is  afforded  by  Table  34,  in  which 
the  percentages  of  dissolved  haemoglobin  in  the  blood  plasma  in  the 
nineteen  observations  last  referred  to  are  given  side  by  side  with  the 
corresponding  percentages  of  haemoglobin  in  the  urine.  It  will  be 
seen  that,  in  the  cases  (3,  16,  19,  22,  24,  25,  32)  in  which  the  percentage 
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of  haemoglobin  in  the  blood  plasma  is  not  increased,  the  percentage 
of  haemoglobin  in  the  urine  is  low,  reaching  to  o'g  per  cent,  in  one 
case  (25)  and  lying  in  the  remaining  six  cases  between  0'4  per  cent, 
and  0'03  per  cent.  On  the  other  hand,  in  the  twelve  observations  in 
which  the  amount  of  dissolved  haemoglobin  in  the  blood  plasma  was 
increased,  the  percentage  of  haemoglobin  in  the  urine  was  much 
higher,  ranging  between  0-4  per  cent,  and  3-1  per  cent. 

To  sum  up,  then,  we  may  say  that,  in  the  observations  made  in 
blackwater  fever  while  the  urine  in  the  bladder  still  contained  haemo¬ 
globin,  an  increased  amount  of  dissolved  liaemoglobin  in  the  blood 
plasma  was  observed  m  most  but  not  m  all  cases. 

We  now  turn  to  the  second  problem:  is  haemoglobinaemia 
ordinarily  attended  with  haemoglobinuria,  and,  if  so,  what  quantita¬ 
tive  relationship  between  the  two  conditions  exi.sts?  To  determine 
this  point  it  was  necessary  to  produce  haemoglobinaemia 
experimentally. 

Method.  Oxalatcd  rabbit’s  blood  was  centrifugalised,  the  super¬ 
natant  plasma  pipetted  off,  and  the  red  cells  laked  by  adding  a  small 
amount  of  distilled  water.  To  the  solution  thus  obtained  an  amount 
of  solid  sodium  chloride  was  added  in  amount  sufficient  to  make  the 
proportion  of  this  salt  0'85  per  cent.  The  red  cell  stromata,  which 
were  precipitated  by  the  addition  of  sodium  chloride,  were  then 
removed  by  centrifugalisation,  a  dark  red  liquid  being  obtained.  The 
percentage  of  haemoglobin  in  this  solution  was  determined  by  means 
of  a  haemoglobinometer  reading,  and  a  measured  volume  of  the 
solution  injected  into  a  vein  of  the  ear  of  the  rabbit  supplying  the 
haemoglobin.  At  the  end  of  three  to  six  or  more  minutes,  about  ten 
drops  of  blood  from  the  opposite  ear  were  allowed  to  fall  into 
O'  I  c.cm.  of  I  per  cent,  potassium  oxalate  solution,  the  volume  of  the 
mixture  being  carefully  measured.  This  was  then  centrifugalised,  and 
the  percentage  of  haemoglobin  in  the  plasma  determined  usually  by 
matching,  under  a  comparison  spectroscope,  with  a  solution  of 
haemoglobin  of  known  concentration,  though  when  the  concentration 
of  haemoglobin  was  high  a  haemoglobinometer  determination  was 
sometimes  made  instead.  At  later  periods  similar  estimations  of  the 
haemoglobin  content  of  the  plasma  were  carried  out.  In  the  same 
way  the  haemoglobin  content  of  the  urine  was  determined,  and  the 
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urine  was  also  tested  for  coagulable  proteid,  any  deposit  ]-)i-esent  being 
submitted  to  microscopical  examination.  In  Experiments  8,  Q  and 
10  the  urine  was  collected  continuous!}'  by  means  of  a  cannula 
introduced  into  the  bladder,  in  the  other  experiments  it  was  voided 
naturally. 

Before  experiment,  the  o.xalated  blood  plasma  of  the  rabbits 
employed  was  found  to  be  of  a  very  faint  yellow  tint,  almost  colourless. 
On  spectroscopic  examination  no  haemoglobin  bands  were  as  a  rule 
seen,  though  on  one  occasion  0'05  per  cent,  of  dissolved  haemoglobin 
was  met  with.  The  weight  of  the  rabbits  ranged  from  912  g.  to 
1,760  g.,  the  total  amount  of  blood  the  animals  possessed  varied  from 
75  c.cm.  to  1 18  c.cm.,  and  the  ratio  of  blood  to  body  weight  (Table  35) 
was  ytt  to  the  higher  fraction  being  reached  in  the  younger,  and 
therefore  lighter,  animals. 

The  amount  of  haemoglobin  injected  was  that  obtainable  from 
0'44g.  to  7'5^g-  of  cells  (m  the  moist  condition).  In  all  except 
Experiments  6  and  8,  Tables  35  and  37,  the  haemoglobin  was 
obtained  from  the  animal’s  ow'n  red  cells.  The  amount  required  in 
the  two  latter  experiments  being  too  large  to  be  conveniently  taken 
from  the  animals  subjected  to  experiment,  part  of  the  haemoglobin 
injected  was  obtained  from  other  rabbits.  The  injection  of  laked 
blood  produced  no  recognisable  ill  effect,  the  animals  taking  food 
well  during  the  experiment  and  seeming  in  every  respect  normal.  In 
Experiment  5  the  animal  was  apparently  unaffected  by  the  injection, 
but  died  suddenty  at  the  end  of  eight}^-five  minutes ;  possibly  in  this 
case  death  wms  due  to  embolism,  for  the  stromata  of  the  laked  red 
cells  were  not  completely  removed  from  the  haemoglobin  solution 
before  injection. 

After  the  injection  of  dissolved  haemoglobin  into  the  vein  of  the 
ear,  the  blood  plasma  of  the  injected  animal  became  of  a  reddish 
colour.  At  the  end  of  three  to  twenty  minutes,  estimations  of  the 
amount  of  haemoglobin  present  showmd  that  this  ranged  from  078  per 
cent,  to  iO'8o  per  cent.  The  amount  present  immediately  after 
injection  may  be  calculated  in  the  manner  indicated  on  p.  go,  and 
is  found  to  be  somewhat  higher,  ranging  between  0'8i  per  cent,  and 
12' 1 5  per  cent.  As  the  amount  of  haemoglobin  injected  intravenously 
was  known,  the  total  volume  of  the  plasma  of  the  rabbit  could  be 


calculated  from  the  percentage  present  in  the  plasma  after  injection, 
and,  as  the  relation  between  the  volume  of  the  red  cells  and  that  of 
the  plasma  had  previously  been  deternhnefl  by  the  aid  of  the 
haemocrit,  the  total  volume  of  the  blood  was  also  by  this  means 
ascertained*  As  time  went  on  the  amount  of  haemoglobin  in  the 
rabbit’s  plasma  diminished  at  first  rapidly,  then  more  slowly,  until 
at  the  end  of  twenty-four  hours  the  amount  present  was  less  than 
0'2  2aer  cent. 

The  first  specimen  of  the  urine,  after  intravenous  injection  of 
dissoh'ed  haemoglobin,  was,  in  all  experiments  except  the  first  two, 
m  which  the  tint  was  lighter,  porter  coloured  in  a  layer  two  inches  or 
more  in  thickness,  and  dark  red  or  reddish  brown  in  a  layer  one 
centimetre  thick.  The  percentage  of  haemoglobin  ranged  from  5'o 
per  cent,  to  0‘6  per  cent.,  reaching,  however,  in  one  experiment 
O'op  per  cent.  In  succeeding  specimens  of  the  urine  the  amount  of 
haemoglobin  usually  became  progressively  smaller,  and  at  the  end  of 
twenty-four  hours  disappeared.  The  total  amount  of  haemoglobin 
eliminated  in  the  urine  after  injection,  rang'ed  in  the  experiments 
made  between  o  2  g.  and  i'34  §'•  These  a.mounts  refer,  however,  only 
to  unaltered  haemoglobin.  In  addition  a  relatively'  small  amount  of 
haemoglobin  was  broken  up  in  the  urine,  to  which  it  imparted  a 
brownish  tint.  The  actual  amount  of  haemoglobin  passing  into  the 
urine  would,  therefore,  be  slightly  greater  than  the  amounts  given  in 
Column  6,  Table  35.  To  obtain  some  idea  of  the  total  haemoglobin 
discharged  into  the  urine,  a  given  volume  of  the  urine  was  rendered 
slightly  acid  with  acetic  acid,  boiled,  and  the  volume  of  the  resulting 
chocolate  coloured  precipitate  measured  after  centrifugalisation  in  a 
graduated  tube.  By  comparison  with  a  parallel  series  of  experiments 
111  which  known  amounts  of  red  cells  were  laked  and  added  to  urine, 
the  volume  of  the  precipitate  obtained  after  acidifying  and  boiling 
being  carefully  noted,  the  amounts  of  haemoglobin  originally 
discharged  into  the  urine  were  determined.  The  percentages 
obtained  in  this  way  were  larger  than  those  given  by  haemoglobino- 
metei  readings  of  the  diluted  urine,  by  an  amount  not  exceeding 
25  per  cent.  In  these  experiments  the  precipitate  produced  in  the 
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For  further  details  cp.  A  method  of  estimating  the  total  volume  of  blood  coutained 
living  body,  Proceedings  of  the  Royal  Society  of  London,  1909,  Series  B.,  vol.  8l. 
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urine  by  boiling  was  indistinguishable  from  that  obtained  on  boiling 
a  solution  of  haemoglobin.  In  particular,  no  lighter  colour,  such  as 
might  be  taken  to  indicate  the  presence  of  serum  albumin  or  globulin 
could  be  detected,  when  the  former  precipitate  was  compared  with 
the  latter. 


1'able  36.  Examination  of  oxalatccl  blood  plasma  for  the  presence  of  dissolved  haemoglobin, 
in  experimentally  induced  haemoglobinuria  in  rabbits.  Selected  from  Table  3^. 


No.  of 
Experi¬ 
ment 

Percentage  of  haemoglobin  in 
plasma 

Condition  of 

urine 

I 

°'5  % 

Dr 

ess 

Urine 

contained 

trace  of  haemoglobin 

z 

0-8 1  % 

to 

less  than 

O' 49  % 

0-09  % 

11 

3 

5-°4  % 

to 

3-'o% 

51 

i'7°% 

„  See 

4 

6-?o% 

to 

176% 

11 

'•32% 

5 

4-34% 

to 

3-17% 

0-84% 

)• 

,, 

2-45  % 

6 

8-59% 

to 

less  than 

11 

0-63% 

1) 

7 

{“) 

5’'3  % 

to 

2-20  % 

11 

4'8o%) 

(!>) 

9-20% 

to 

less  than 

3'54'’d 

1) 

2' 50  % 

i' 

(d 

8-50% 

or 

more 

,, 

4-50  %  1 

8 

to 

'0'4% 

?1 

7'2o‘’,;, 

>1 

9 

2-20  % 

to 

2 '00% 

„ 

1 1  *20  %  (maximum) 

10 

0-90 

to 

0-54% 

7*00%  (maximum) 

In  Table  36  some  of  the  percentages  of  haemoglobin  in  blood 
plasma  and  urine  are  placed  side  by  side  so  that  the  degree  of 
haemoglobinaemia  and  haemoglobinuria  may  be  compared,  as  was 
done  in  the  case  of  the  blackwater  fever  observations  recorded  in 
Table  34.  The  highest  degree  of  haemoglobinaemia  observed  in 
the  rabbit  is  I0'8  per  cent.,  wTile  the  highest  amount  in  blackwater 
fever  was  0'g5  per  cent.  It  must,  however,  be  observed  that  in  the 
former  case  the  observations  were  frequently  repeated,  and  the  time 
at  which  the  maximum  would  occur  was  known  in  advance,  while  in 
the  human  subject  the  number  of  observations  which  could  be  made 
was  limited  and  the  probable  course  of  the  haemoglobinaemia  was 
unknown,  so  that  highest  percentages  were  therefore  in  all  probability 
not  ascertained. 

In  comparing  the  degree  of  liacmoglobmacmia  with  that  of 
haemoglobinuria  in  experimentall)?  induced  haemoglobinaemia  it 
must  be  remembered  that  the  last  three  experiments  in  Table  36 
stand  apart  from  the  others  since  in  these  the  urine  was  collected 

F 


continuously,  instead  of  beinj:;'  voided  at  intervals  as  in  the  jireceding 
experiments.  U  will  be  noticed  that  the  percentage  of  haemoglobin 
in  the  urine  voided  in  the  first  seven  experiments  is  less  than  that  in 
the  blood  plasma  (Table  36)  ;  in  Observation  8  the  same  is  also  noted, 
but  in  Observations  g  and  10  this  relation  is  reversed  in  the  sense  that 
the  maximum  percentage  of  haemoglobin  in  the  urine  is  considerably 
higher  than  the  corresponding  percentage  in  the  blood  plasma.  A 
better  comparison  is,  however,  made  if  curves  are  constructed,  the 
ordinates  of  which  denote  percentages  of  haemoglobin  and  the 
abscissae  periods  of  time.  This  is  done  in  Figs.  2  to  9. 
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Fig.  3.  I'txp.  4,  Table  35.  I'txperiniental  haeinoglobinaeinia  of  rabbit. 

Percentage  of  dissolved  haemoglobin  in  blood  plasma  and  urine. 

In  most  of  these  curves  (Figs.  2  to  0)  the  percentage  of 
haemoglobin  in  the  plasma  appears  first  greater,  and  subsequently 
less,  than  that  in  the  urine.  In  Figs.  7,  8  and  9,  however,  it  is  seen 
that  the  percentage  of  haemoglobin  in  the  urine  in  reality  at  the 
beginning  of  the  experiment  quickly  rises  till  it  considerably  e.xceedi 
that  in  the  plasma,  after  which  it  declines  again  with  the  latter.  Hw 
greatest  difference  was  observed  in  Experiment  9  in  which  the 
percentage  of  haemoglobin  in  the  urine  became  at  one  time  as  much 
as  7  per  cent.,  while  that  111  the  blood  plasma  was  only  0'54  per  cent 
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It  is,  of  course,  obvious  that  if  in  these  three  experiments  (Figs.  7, 
8,  g)  the  urine  had  been  allowed  to  accumulate  in  the  bladder 
sufficiently  long  no  such  relation  would  have  been  discoverable.  As 
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t'lG.  4.  I'.xp.  5,  Table  35.  I'.xperimental  haemoglobinaemia  of  rabbit. 
Terccatage  of  dissolved  haemoglobin  in  blood  plasma  and  urine. 
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IMG.  5.  Kxp.  6.  Table  35.  T.xperimental  haemoglobinaemia  of  rabbit. 
Percentage  of  dissolved  haemoglobin  in  blood  plasma  and  urine. 


I'lG.  6.  Kxp.  7,  Table  35.  Kxperimental  haemoglobinaemia  of  rabbit. 
Percentage  of  dissolved  haemoglobin  in  blood  plasma  and  urine. 

regards  the  earlier  portions  of  the  urine,  which  contained  less 
haemoglobin  than  the  blood  plasma,  in  Experiments  8  to  10,  in  which 
continuous  collection  was  practised,  it  is  uncertain  how  fat  these 
represent  the  real  state  of  affairs,  since  although  the  urine  was 
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Fig.  7.  Exp.  S,  Table  35.  Experimental  haemoglobinaeinia  of  rabbit. 
Percentage  of  dissolved  haemoglobin  in  blood  plasma  and  urine. 
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I'lG.  8.  Exp.  g,  lable  35.  Experimental  haemoglobinaeinia  of  rabbit, 
ercentage  of  dissolved  haemoglobin  in  blood  plasma  and  urine. 
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Perc'enta?e  '^^P®rimental  haemoglobinaeinia  of  rabbit, 

i  ercentage  of  dissolved  haemoglobin  in  blood  plasma  and  urine. 
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collected  by  means  of  a  cannula  tied  in  the  bladder,  the  portion  first 
secreted  containing  haemoglobin  would  be  diluted  with  the  normal 
urine  still  remaining  in  the  pelves  of  the  kidneys  and  ureters,  and 
also  with  the  very  small  amount  yet  remaining  in  the  bladder.  In 
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I'lG.  lo.  Blackwater  Fever,  Case  3.  Percentage  of  dissolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  see  p.  185. 


the  experiments  recorded  in  Figs.  7  to  9,  the  urine  in  the  glass  cannula 
continued  amber-coloured  for  two  to  five  minutes  after  intravenous 
injection  of  dissolved  haemoglobin ;  it  then  became  dark  red  in 
colour,  a  sharp  line  of  demarcation  appearing  in  the  cannula  between 


•foOf 

u 


hxHlAA 


I’lG.  II.  Blackwater  Fever,  Case  ya.  Percentage  of  dissolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  see  p.  199. 


the  two  kinds  of  urine.  The  red  tint  of  the  urine  then  underwent  a 
slight  increase  in  depth  as  the  urine  continued  to  be  secreted.  To 
what  extent  this  was  due  to  the  first  portions  being  diluted  with  urine 
still  remaining  in  the  urinary  passages  is  not  clear,  though  from  the 
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I'lG.  12.  Blackwater  kever.  Case  8'.  Percentage  of  dissolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  see  p.  204. 
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curves  in  Figs.  7  to  9  it  can  be  asserted  with  certainty  lhat  the 
initial  rate  of  elimination  of  urine  is  not  the  maximum  rate,  but 
continues  for  a  time  to  increase. 
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uniie,  see  |).  2 1 1 . 


Kig.  14.  Ulack  water  l-'ever,  Case  11.  Percentage  of  di.ssolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  .see  p.  220. 


ft  is  now  possible  in  the  light  of  the  preceding  experimental 
observations  to  study  further  the  relation  between  the 
haemoglobinuria  and  the  accompant'ing  haemoglobinaemia  already 
observed  in  some,  but  not  all,  of  the  cases  of  blackwater  fever 
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I'lG.  15.  Blackwater  Fever,  Case  12.  Percentage  of  dissolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  ol 
urine,  see  p.  224. 
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examined  during  the  passage  of  urine  containing  haemoglobin. 
Turning  again  to  Table  34  (p.  75),  we  find  that  we  are  here  dealing 
with  much  smaller  percentages  of  haemoglobin,  especially  in  the  case 
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I'lG.  16.  Blackwater  Fever,  Case  14.  Percentage  of  dissolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  see  p.  228. 
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Fig.  17.  lUackwater  Fever,  Case  14a.  Percentage  of  dissolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  see  p.  230. 
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Fig.  18.  Blackwater  Fever,  Case  15.  Percentage  of  dissolved 

haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  see  p.  233. 


ef  the  blood  plasma,  than  those  obtaining  experimentally  in  rabbits. 
Although  the  observations  made  on  blackwater  fever  are,  in  part, 
necessarily  far  less  complete  than  those  obtaining  in  the  rabbit,  and 
the  percentages  obtained  cannot  pretend  to  represent  maximal 


percentages,  yet  one  feature  stands  out  quite  clearly,  namely,  tliat 
the  percentage  of  dissolved  haemoglobin  in  the  blood  plasma  appears 
to  be  much  lower  than  in  experimentally  induced  haemoglobinaemia, 
none  of  the  specimens  of  plasma  obtained  giving  a  higher  |jercentage 
than  0’95.  On  the  other  hand  the  percentages  of  haemoglobin  in  the 
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fio.  ly.  lilackwater  fever,  Case  i6.  Percentage  of  dissolved 
haemoglobin  in  blood  plasma  and  urine.  For  further  details  of 
urine,  see  [).  257. 


urine,  lliough  not  quite  so  high  as  those  observed  under  similar 
conditions  in  ralibits,  are  much  more  nearly  comparable  with  the 
latter,  the  highest  3't  per  cent.  (Ob.servation  36,  'I'able  34).  That 
the  degree  of  haemoglobinaemia  observed  in  blaekwatcr  fever  in  the 
last  thirteen  exiicriments  in  Table  34  is  not  incompatible  with  the 
considerably  higher  percentages  of  haemoglobin  met  with  in  the  urine 
-hof 
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I'lG.  20.  Jilackwater  hever,  (Ja.se  17.  Percentage  of  dis.solved  haemo¬ 
globin  in  blood  plasma  and  urine.  For  funher  details  of  urine, 
.see  p.  241. 


in  these  case.s,  is  shown  by  the  experimental  work  in  rabbits,  in 
jiarticular  by  Ijxperiments  7  to  (j,  Fable  /,(>,  so  that  there  is  nothing 
in  these  thirteen  results  (Observations  G  to  3(4,  Table  34)  to  negative 
the  su|Dposition  that  the  haemoglobinuria.  in  these  cases  is  dependent 
upon  accompanying  haemoglobinaemia.  To  render  a  comparison 
with  the  experimental  results  easier  the  scries  of  diagrams.  Figs.  lO 
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to  20,  have  been  made.  Nolvvithstai’ding  the  incompleteness  of 
some  of  the  Fig-ures,  they  illustrate  the  wide  divergence  in  degree 
between  haemoglobinaemia  and  haemoglobiniiria  just  referred  to 
(Figs.  10,  13,  14,  16,  18,  20).  It  is  observable  that  a  fall  in  the 
percentage  of  dissolved  haemoglobin  in  the  blood  plasma  appears 
attended  by  a  corresponrling  fall  m  the  percentage  of  haemoglobin 
in  the  urine  (Figs.  10,  12,  13,  16,  18,  20),  just  as  occurs,  after  the 
initial  maximum  has  been  reached,  in  experimental  haemoglobinaemia 
(Figs.  8,  9,  10).  A  striking  point  of  difference  between  the  two  series 
of  ob.servations  is  that  in  experimental  haemoglobinaemia  the 
disappearance  of  haemoglobin  from  the  blood  plasma  appears  to  be 
more  rapid  than  in  blackwater  fever.  To  make  this  clear,  a  com- 
pari.son  in  respect  of  time  should  be  made  between  the  rate  of 
disappearance  of  haemoglobin  in  Figs.  2  to  9  (experimental  haemo¬ 
globinaemia)  and  that  occurring  in  Fig.s.  10,  12,  13,  14,  18  and  20 
(blackwater  fever). 

If  the  comparison  is  made  between  the  amount  of  haemoglobin 
injected  intravenously  and  that  reappearing  in  the  urine  (Table  35), 
it  is  seen  that,  in  our  experiments,  the  latter  was  only  a  small 
fraction  of  the  former  ranging  between  3  per  cent,  in  Experiment  2 
and  25  per  cent  in  Experiment  9.  Thus  the  hiked  haemoglobin  in 
the  rabbit’s  plasma  does  not  pass  through  the  kidneys  except  in  a 
relatively  small  amount,  the  greater  part  of  the  dissolved  haemoglobin 
being  dealt  with  in  the  body.  We  have  here  a  striking  parallel 
with  the  effect  of  injecting  egg  albumin  into  animals.  In  the  latter 
case  the  foreign  proteid  injected  is,  in  carnivora,  broken  up  in  the 
body,  the  nitrogen  it  contains  being  eliminated  as  urea  in  the  urine, 
and  only  a  small  fraction  escaping  through  the  kidneys  unchanged.* 

In  the  experiments  recorded  in  Table  35  repeated  examinations 
of  the  blood  plasma  were  made  so  that  it  becomes  possible  to  study 
the  rate  at  which  elimination  of  dissolved  haemoglobin  has  taken 
place,  'fhis  proceeded  rapidly  at  first  and  subsequently  progressed 
more  slowly.  In  one  Experiment  (4,  Table  35)  a  marked  irregularity 
in  the  rate  of  disappearance  occurred,  tire  percentage  of  dissolved 
haemoglobin  in  the  plasma  remaining  almost  unchanged  for  two 

*  t'riedemann  and  l.saac.  Zeitschr.  f.  exper.  V’atliologie.  tqo^,  lid.  i,  S.  i;i  u 
(|uoted  by  v.  Xoorden,  Pathology  of  Metabolism,  t.ondon.  1007,  \’ol.  j,  p.  pi. 
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hours.  The  reaction  rale  lormula  for  bunolecular  and  multimolecular 
reactions  does  not  apply  to  these  experiments.  The  rate  of 
disappearance  of  haemoglobin  follows,  however,  fairly  closely  a 
monomolecular  course,  as  the  values  of  K,  calculated  in  the  fourth 
column  of  Table  37,  show.  This  will  be  further  evident  when  the 
percentages  calculated  in  the  last  column  of  this  table  are  compared 
with  those  determined  by  experiment,  in  the  third  c-olumn.  ft  thus 
becomes  possible  to  calculate  the  haemoglobinaemia  present 
immediately  after  injection,  and  from  this  the  total  volume  of  blood 
in  the  animals  at  the  beginning  of  the  experiment  can  be  determined 
(Col.  3,  Table  35).  When  the  dissolved  haemoglobin  has  been 
reduced  to  less  than  10  per  cent,  of  its  original  amount,  further 
destruction  proceeds  with  considerable  and  rapidly  increasing 
slowness.  The  rate  of  disap})earance  thus  is  similar  to  that  observed 
in  Table  17.  Contrary  to  what  would  be  expected  there  seems  to 
be  considerable  difficulty  in  removing  the  last  traces  of  haemogloliin 
from  the  plasma.  It  may  here  be  observed  that  rabbits  which  have 
been  injected  with  dissolved  haemoglobin  show  small  percentages  of 
haemoglobin  in  their  blood  plasma  for  many  days  afterwards,  in  this 
respect  resembling  human  beings  and  differing  from  normal  rabbits. 
The  curious  change  in  the  rate  of  disappearance  of  haemoglobin, 
exhibited  in  Experiment  4,  in  which  the  percentage  of  haemoglobin 
remained  almost  unaltered  between  the  hundred  and  thirty-fourth 
and  the  two  hundred  and  fifty-seventh  minutes,  is  difficult  to  interpret 
The  rate  of  disappearance  of  haemoglobin  is  relatively  slow  in 
Experiments  2,  5  and  g,  in  which  the  value  of  K  is  0'00I05  ;  in  the 
other  experiments  K  ranges  between  0‘0029  and  O'OO^C.  These 
values  stand,  except  in  Experiment  9,  in  a  definite  relation  to  the 
age  of  the  animal  used  for  experiment ;  in  Experiments  2,  5  and  9 
the  animals  employed  were  young,  and  the  total  blood  was,  as  already 
mentioned,  about  one-tenth  of  the  body  weight. 

The  question  arises,  does  the  disappearance  of  the  dissolved 
haemoglobin  depend  upon  decomposition  occurring  in  the  blood 
plasma  ?  This  enquiry  cannot  be  directly  settled  by  experiment  in 
vitro  with  the  non-oxalated  plasma  of  the  rabbit,  owing  to  the 
rapidity  with  which  clotting  takes  place.  In  Table  38  are  recorded 
some  observations  made  with  oxalated  plasma,  and  with  plasma 
defibrinated  by  shaking  with  glass  beads.  In  Experiment  i  the 
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The  rate  t.f  disappearance  fd  dlssolvcil  hacino^lnhln  from  the  l>lnnil  plasma  in  the  living 
hodv  of  the  rabhil.  C’p.  Table  3;. 
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No.  of  Experiment 
(Table  29) 
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of  haemoglobin 

^7- log 
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haemoglobin 
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44 
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Body  weight  15 

237  >I 
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15 

10 
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44 
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18 

*  In  Experiments  2,  7,  9  and  10  the  formula  employed 
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haemoglobin  and  plasma  employed  were  those  of  Rabbit  5,  Tables 
35  37:  in  Experiment  3,  those  of  Rabbit  6,  Tables  35  and  3; 

In  all  three  experiments  the  disappearance  of  lakcd  haemoglobin 
took  place  very  slowly,  compared  with  that  occurring  in  the  living 
body,  less  than  30  per  cent,  being  broken  np  in  six  and  a  half  hours, 
No  data  are  available  to  indicate  the  rate  at  which  in  the  circnkiting 
blood,  destruction  is  effected  solely  by  the  plasma,  nor  do  our  expcri- 
menls  permit  any  conclusion  to  be  drawn  as  to  the  part  jdayed  by  the 
bod)'  (issues  in  the  remoxail  of  haemoglobin,  I  he  disappearance  of 
the  dissolved  haemoglobin  is  also,  to  a  small  extent,  affected  by  (hp 
action  of  the  kidneys.  To  what  extent  this  affects  the  percentage 
present  in  the  blood  plasma  cannot  he  precisely  determined,  since  il 
IS  unknown  how  far  the  amount  of  water  leaving  the  blood  to  pass 
through  the  kidneys  is  replaced  by  water  absorbed  from  (he  contents 
ot  the  stomach  and  intestines. 


SUMMARY 

1  he  principal  points  in  the  foregoing  may  be  summed  up  as 
follows  :  — 

1.  In  oxalated  blood  |)la.sma  obtained  from  healthy  individuals, 
O' 10  per  cent.,  or  less,  to  as  much  as  0-25  per  cent,  of  dissolved  haemo¬ 
globin  was  found  ;  in  oxalated  blood  pla.sma  obtained  during  black 
watei  fever,  while  the  urine  in  the  bladder  still  contained  haemo¬ 
globin,  the  amount  of  dissolved  haemoglobin  was  usually,  but  not 
always,  greater  than  this,  ranging  between  0-30  per  eent.  and  O'p) 
per  cent. 

2.  Ilaemoglobinaemia  produced  experimentally  in  the  rabbit  is 
accompanied  by  haemoglobinuria,  the  percentage  of  haemoglobin  in 
the  urine  quickly  surpassing  that  in  the  blood  plasma  (Experiments 
S-io,  Table  35),  and  subsequently  falling  as  the  latter  diminished. 

3.  The  disappearanee  of  dissolved  haemoglobin  from  the  blood 
plasma  proceeds  in  the  living  body  of  the  rabbit  at  approximately 
the  same  rale  as  a  monomolecular  chemical  reaction. 


3S.  Decomposition  of  dissolved  haemoglobin  in  oxalated  or  defibrinated  plasma.  lemperature  of  experiment  37 
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IV.  MECHANISM  OF  PRODUCTION  OF  SUPPRESSION  OF 
URINE  IN  BLACKWATER  FEVER. 

With  a  view  of  throwing  light  upon  the  mechanism  of  production 
of  blackwater  fever,  tlie  action  of  quinine  on  red  cells,  the  relation 
between  haemolysinaemia  and  blackwater,  and  that  e.xisting 
between  haemoglobinaemia  and  haemoglobinuria,  have  been  studied 
in  the  preceding  sections,  before  proceeding  to  consider  (in  the  next 
section)  how  far  the  data  obtained  m  the  last  section  are  capable  of 
accounting  for  the  haemoglobinuria  of  blackwater  fever,  it  will  be 
convenient  to  deal,  first  of  all,  wdth  a  not  uncommon  sequel  of  black¬ 
water,  namely,  suppression  of  urine,  since  it  may  readily  be  surmised 
that  the  mechanism  of  production  of  this  condition  is  closely  linked 
up  with  that  of  the  haemoglobinuria  of  blackwater  fever.  The 
investigation  of  the  mechanism  of  suppression  of  urine  in  blackwater 
fever  is  in  its  turn  intimately  associated  with  the  study  of  another 
phenomenon  not  hitherto  referred  to,  that  is  the  occurrence  of  casts 
in  the  urine.  In  the  cases  of  blackwater  fe\  cr  which  came  under  our 
observation,  these  were  met  with  not  only  during  the  period  of 
haemoglobinuria  and  for  a  short  time  after  its  cessation,  but  also 
during  suppression,  when  only  a  very  small  amount  of  amber-coloured 
urine  was  being  passed.  (  asts  were  also  present  during  the  haeiiio- 
globiiuiria  cxperimcntall)-  produced  in  rabbits,  already  described  in 
the  preceding  section.  For  convenience  of  flescription,  it  will  be 
better  to  take  first  the  appearance  of  the  susiiended  matter  in  the 
111  me  in  experimental  haemoglobinuria;  then  that  of  the  suspended 
luattei  in  the  urine  in  blackwater  fever;  after  which  the  condition  of 
the  kidneys  in  the  latter  condition  will  be  described,  and  lastly  the 
bearing  of  the  data  thus  obtained  upon  the  mechanism  of  production 
of  suppression  of  urine  will  be  considered. 

The  mine  of  all  the  rabbits  in  which  haemoglobinuria  had  been 
produced  experimentally  (Table  35)  contained,  with  one  exception, 
solid  matter  at  the  time  the  urine  was  voided.  The  urine  was  at  this 
time  free  from  the  ordinary  crystalline  or  amorphous  deposit  found 
m  mine,  especially  upon  standing,  and  the  solid  matter  which  it 
contained  (cp.  Table  39)  consisted  of  casts  containing  granules  of  a 
more  01  less  dark  colour,  scattered  sometimes  in  very  small  nuiiibersi 
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and  irregularly  (Figs.  22,  24),  sometimes  very  densely  packed 
together  (Figs.  23,  24),  the  casts  then  becoming  of  a  dark  brown  or 
reddish  brown,  almost  black,  colour.  The  size  of  the  granules  varied 
from  0'5  4,  or  les.s,  to  as  much  as  4  /u  to  4’5  /x,  not  infrequently  both 


I'lG.  21.  Hyaline  casts  in  urine  of  rabbit  (I'.xp.  2,  Table  ,?5)  four  hours 
after  intravenous  injection  of  dissolved  haemoglobin.  Magnification 
tSo  diameters. 


fine  and  coarse  granules  being  present  together  (Figs.  22  and  24). 
Free  granules  were  also  met  with,  sometimes,  if  not  generally, 
obviously  due  to  the  breaking  up  of  the  casts.  The  free  granules 
appeared  in  the  form  of  masses,  held  together  b}/  colourless  material 


I - 1 - 1 

Of.,  -CO  ^  -3  00  l-L 


hiG.  22.  (Iraniilar  and  epithelial  casts  in  urine  or  rabbit  (Kxp.  3,  Table 
3^  twenty  hours  after  intravenous  injection  of  dissolved  haemoglobin. 
Magnification  iSo  diameters. 


of  a  very  soft  consistence ;  sometimes  they  appeared  to  be  quite 
unconnected  with  one  another.  The  granules  occasionally  on 
standing  became  partly  obliterated  as  the  result  of  decomposition  of 
the  urine.  When  this  occurred,  as  also  when  the  granules  were 


I  I  I 

lOOfi.  iOOfA 

Fig.  23.  (tranular  and  hyaline  cast.s  in  urine  of  rabbit  (Fixp.  15,  Table 
35)  eighty-five  minutes  after  intravenous  injection  of  dissolved 
haemoglobin.  Magnification  180  diameters. 

scanty,  it  became  possible  to  observe  the  character  of  the  matrix  of 
the  casts.  This  was  of  a  hyaline  material,  not  unfrequently  showing 
creases  or  bends  (Figs.  21,  23).  Sometimes  the  ca.sts  exhibited  here 
and  there  small  masses  suggestive  of  nuclei.  In  the  unstained 
condition  it  was  difficult  to  decide  whether  these  were  really  nuclei  or 


°  '00  iOO  ^ 

I'lG.  24.  (iranular  and  epithelial  ca.sts  in  urine  of  rabbit  (Fxp.  6, 
I  able  351  twelve  and  a  half  hour.s  after  intravenous  injection  of 
dissolved  haemoglobin.  Magnification  180  diameters. 
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not,  but  when  a  little  methylene  blue  solution  was  added  these  masses 
could  be  recognised  to  be  nuclei  resembling  those  of  the  epithelial 
cells  of  the  renal  tubule,  from  which  they  obviously  arose.  The  casts 
varied  considerably  in  length,  being  from  20/1  to  as  much  as  400  jx 
long,  their  diameter  ranging  from  3  to  30  or  more  (Figs.  21 
to  24).  The  size  of  the  degenerated  nuclei  ranged  from  7  m  to  12  m- 
The  nuclei  were  usually  very  few  in  number,  but  occasionally  became 
numerous,  the  casts  then  becoming  epithelial  casts  (Figs  22,  24). 
Free  epithelial  cells  with  degenerated  nuclei  were  also  found,  some¬ 
times  singly,  sometimes  in  groups  of  two  and  three,  in  the  latter  case 
forming  a  transitional  condition  between  single  free  cells  and 
epithelial  casts.  All  the  free  cells  met  with  in  the  haemoglobinous 
urine  of  Experiments  I  to  lO,  Tables  35  to  39,  were  of  spheroidal 
form,  and  appeared  to  be  derived  from  the  uriniferous  tubules.  The 
urine,  when  examined  before  the  injection  of  haemoglobin,  was 
always  free  from  cells.  The  amount  of  solid  matter  contained  in  the 
haemoglobinous  urine  in  these  experiments  was  very  variable 
(Table  39),  being  sometimes  very  small,  sometimes  abundant,  forming 
on  standing  a  precipitate  of  as  much  as  a  sixth  of  a  column.  This 
variation  appeared  in  Experiments  9  and  10  (Figs.  8  and  9)  to  be 


'I'able  39.  Characters  of  deposit  from  urine  of  rabbit  during  haemoglobinuria  experi¬ 
mentally  induced.  Cp.  Tables  35  and  37. 


No  of 
Experi¬ 
ment 

Colour 

Amount 

Microscopic  characters 

I 

Brown 

Very  small 

No  casts 

2 

Browir 

Very  small 

Hyaline  casts  with  here  and  there  fine  granules 
(Fig.  21) 

3 

Greyish 

black 

Very  small 

Granular  casts  (large  and  fine  granules),  very  few 
renal  epithelial  cells  (Fig.  22) 

4 

Chocolate 

coloured 

Abundant  col.) 

Granular  casts  (large  and  fine  granules)  and  granular 
debris 

5 

— 

N^ery  small 

Clranular  casts  (large  and  tine  granules)  and  hyaline 
casts  (Fig.  23) 

6 

Chocolate 

coloured 

Abundant  col.) 

Granular  casts  (coarse  and  fine  granules),  free 
granules,  renal  epithelial  casts  (Fig.  24) 

7 

Chocolate 

coloured 

Small 

Granular  casts  and  free  granules 

8 

— 

Small 

Granular  and  renal  epithelial  casts 

9 

Chocolate 

coloured 

.'\bundant  (J  col.) 

Granular  casts  and  renal  epithelial  cells 

10 

Chocolate 

coloured 

Abundant  (J  col.) 

Granular  casts  and  renal  epithelial  cells 

G 


related  to  the  percentage  of  haemoglobin  in  the  urine,  being  most 
abundant  when  the  latter  was  highest,  but  further  experiments  are 
required  to  settle  this  point  definitely.  The  deposit  from  the  urine 
on  centrifugalisation  was  alwa3^s  dark  in  colour,  sometimes  of  a  dark 
chocolate  colour,  sometimes  of  a  greenish-black  colour.  Red  cells 
were  not  met  with.  'I'he  dejiosit  diminished  in  amount  as  the  haenio- 
globinuria  lessened,  but  was  still  present  for  about  a  day  after  the 
haemoglobinuria  had  ended. 
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I'lG.  25.  To  left,  deposit  from  chocolate-coloured  urine  of  Ca.se  2  (second 
day),  consisting  (in  addition  to  pus  cells  and  bacteria,  not  sketched) 
of  red  cells,  more  or  less  decolourised,  together  with  a  few  granular 
casts.  To  right,  deposit  from  dark  amber-coloured  urine  of  Case  s 
(fifth  day),  consisting  of  hyaline  ca.sts,  in  which  a  few  indistinct 
nuclei  can  be  seen.  Magnification  180  diameters. 


.Similar  casts  and  free  epithelial  cells  were  also  found  in  the 
chocolate  coloured  deposit  of  ihe  urine  during  redwater  in  cattle  ami 
dogs,  due  to  piroplasmosis. 

Ihe  urine  in  the  twenty  attacks  of  Ijlackwater  fever  studied, 
contained,  in  all  cases  ni  which  this  point  was  determined,  that  is  in 
all  except  Cases  i  and  12,  Table  40,  solid  matter  chiefly  made  up  of 
granular  casts  and  granular  debris,  similar  in  appearance  to  that 
already  described  in  experimental  haemoglobinuria  in  rabbits  When 
unmixed  with  the  crystalline  and  amorphous  deposits  formed  in  urine 
which  has  stood  for  some  time,  the  suspended  matter  was  found  on 
centrifugalisation  to  be  of  a  chocolate-brown  colour.  As  in  experi 
mental  haemoglobinuria,  it  varied  considerably  in  amount  in  different 
cases,  being  sometimes  scanty,  sometimes  when  allowed  to  sediment 
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amounting  to  a  fifth  of  a  column  of  the  urine.  As  in  the  former 
experiments,  so  here  also  it  is  not  possible,  from  the  data  at  present 
available,  to  state  the  conditions  which  determine  the  amount  of 
suspended  matter ;  no  clear  relationship  between  the  amount  of 


•yrV,! 


''J-v. 

■‘4 


0' 


f.)?' 


I - 1 - 1 

too  ^  Ii-’W  u 

Kig.  26,  Deposit  from  porter-coloured  urine  of  Case  3  (second  day). 
Granular  casts  and  free  granules  are  seen.  Also  one  hyaline  cast. 
Nuclei  can  be  recognised  in  four  of  the  casts.  Magnification  180 
diameters. 


suspended  matter,  on  the  one  hand,  and  the  percentage  or  the  total 
amount  of  haemoglobin  eliminated  in  the  urine,  on  the  other,  is 
recognisable  by  a  comparison  of  Table  40  with  Tables  43  and  45. 


\ 


■■"•s  I 


on  'Ou^ 

Fig.  27.  To  left,  deposit  from  amber  coloured  urine  of  Case  4  (third 
day),  consisting  of  small  granular  casts.  To  right,  deposit  from 
port  wine-coloured  urine  of  Case  S  (third  day),  showing  three 
granular  casts,  two  of  which  contain  degenerated  nuclei,  derived 
from  a  renal  tubule;  two  squamous  cells  are  also  seen.  Magnification 
180  diameters. 


The  amount  of  deposit  diminishes  with  the  haemoglobinuria,  but 
after  the  urine  has  remained  free  from  haemoglobin  as  long  as  three 
days,  casts  may  still  be  found  in  it. 


I  I  I 

0  ^  too  -ioo  fi 

Fig.  28.  Deposit  from  porter-coloured  urine  of  Case  7  (second  day), 
consisting  of  granular  casts,  the  granules  being  dense  in  the  smaller 
casts.  Magnification  180  diameters. 


The  appearance  of  the  casts  and  granules  in  the  urinary  deposit 
in  the  black  water  fever  cases  examined  (Figs.  25  to  31)  presented 
slight  points  of  difference  from  that  seen  in  the  rabbit's  urine.  The 
length  of  the  casts  varied  from  15/1  to  200  fi,  or  more,  their  diameter 
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Fig.  29.  Deposit  from  porter-coloured  urine  of  Case  7a  (first  day), 
consisting  of  granular  casts  and  debris,  and  (to  left)  a  few  red  cells. 
The  granules  are  of  dark  brown  colour  and  large  size,  having  a 
diameter  of  4/1  to  4'5/i..  Magnification  180  diameters. 
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ranging  between  3  and  25  rarely  more.  The  casts  were  brown 
in  colour,  the  depth  of  colour  depending  upon  the  sparsity  or 
abundance  of  the  granules  present.  When  the  casts  contained  very 
few  granules  their  hyaline  matrix  became  visible  (Figs.  25,  26).  Some¬ 
times  the  granules  were  scattered  irregularly  and  in  small  numbers 
(Figs.  25,  28,  31),  sometimes  very  densely  throughout  the  casts 
(Fig.  30).  The  granules  were  sometimes  very  fine,  not  more  than 
0-5  /u  in  diameter  (Figs.  25,  28),  sometimes  very  coarse,  reaching  4  4 
in  diameter  (Fig.  29) ;  intermediate  forms  were  common  (Figs.  26,  30). 


•W' 


W 


c..  ■*  .f:, 


■'C 


# 


0  fi  100  fj  200  fM. 

Fig.  30.  Deposit  from  porter-coloured  urine  of  Case  15  (third  day), 
stained  with  a  watery  solution  of  methylenblue.  The  deposit 
consists  of  granular  casts  and  masses,  in  some  of  which  nuclei  of 
renal  origin  are  seen.  The  granules  are  mostly  fine,  but  some  coarse 
granules  are  seen.  A  few  free  renal  cells  are  also  present. 
Magnification  i8o  diameters. 

The  colour  was  brown,  the  largest  granules  being  the  darkest ;  but 
occasionally  variation  in  the  depth  of  colour  was  met  with  irrespective 
of  size.  Masses  of  granules  were  also  met  with,  some  obviously 
representing  broken-down  casts,  as  well  as  free  granules  (Fig.  29),  as 
in  haemoglobinuria  of  the  rabbit.  The  consistence  of  the  granular 
casts  varied  considerably,  some  being  hard  and  dry  (Figs.  27,  28,  30), 
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Others  being  soft  and  presenting  a  swollen  appearance  (Figs.  26,  31); 
the  former  were  sometimes  small,  the  latter  of  large  size,  as  the 
sketches  indicate.  Hyaline  casts  (Figs.  25,  26)  were  much  less 
frequent  than  granular  casts.  Casts  containing  one  or  more  mu  Ici 
(Figs.  25,  30,  31),  and  epithelial  casts  (Figs.  27,  30,  31),  were  not 
uncommon.  Free  cells  and  cell  masses  were  also  seen  (Figs.  2;, 
30,  31);  the  cells  were  mononuclear,  of  spheroidal  aspect,  with  some¬ 
times  moderate,  sometimes  abundant,  cytoplasm,  and  obviously  came 
from  the  uriniferous  tubules.  Red  blood  cells,  which  were  not  met 
with  in  the  rabbit’s  urine  during  experimental  haemoglobinuria,  were 
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Fig.  31.  Deposit  from  porter-coloured  urine  of  Case  17  (second  day). 

,  '  consisting  of  numerous  epithelial  cells;  also  in  smaller  numbers 

granular  and  epithelial  casts  and  a  few  red  blood  cells,  the  latter 
I  being  shown  in  the  upper  left  hand  corner  of  the  sketch. 

Magnification  180  diameters. 

I  encountered  during  the  haemoglobinuria  of  blackwater  fever  in  ten 

out  of  the  twenty  attacks  investigated  (Tables  40  and  43  ;  Figs.  23, 
i|i I  29,  31).  These  were  usually  present  in  very  small  numbers,  but  in 

,  ' '  Case  2  (pp.  178  to  181)  their  number  was  considerable  ;  this  case  \m1I 

I  ,  be  referred  to  at  length  later  (p.  149).  In  three  cases  (7a,  10,  ii  ;  cp. 

: ■  iij  1^'  clinical  notes,  pp.  195,  207  and  217)  red  cells  were  not  present  at  first, 

!  I  ,'  ,  but  as  the  haemoglobinuria  was  passing  off  made  their  appearance. 

]i|  1 1'  ,  jt  •^11  the  above  formed  elements  disappeared  completely  within  three 
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or  four  (lays  after  the  disappearance  of  haemoglobinuria,  except  in 
Cases  /a  and  ii,  in  vvhicli  suppression  of  urine  occurred;  in  these 
casts  or  plugs  continued  for  eight  and  five  days  respectively,  until 
death  occurred. 

Occasionally  squamous  epithelial  cells  were  met  with,  and 
sometimes  also  pus  cells  (Cases  2  and  g),  the  latter  persisting  after 
complete  recovery  from  black  water  fever.  .Short  bacilli  were  present 
in  one  case  (Case  2),  both  before  and  after  the  attack.  In  no  other 
case  were  bacteria  seen,  and  in  no  case  were  organisms  or  cells 
other  than  those  already  described  met  with. 


1'aulk.  40.  Characters  of  deposits  from  urine  during  hacmoglobinuria  of  blackwater  fever. 


Case 

Colour 

Amount 

1 

2 

Chocolare 

coloured 

Abundant  (.^  col.) 

.1 

Whitish 

Abundant  (J  col.) 

4 

_ 

Small 

h 

Frown  ish 

Small 

6 

— 

Small 

6a 

— 

Small 

7 

Dark  brown 

Abundant  (jt  col.) 

7’ 

Dark  brown 

Abundant  (-^  col.) 

S 

— 

Small 

9 

Whitish 

Small  col.) 

10 

— 

Abundant  (,ljj  col.) 

1 1 

- 

Abundant 

12 

Abundant 

— 

— 

■4 

— 

Small 

14a 

Brownish 

white 

Small  col.) 

l.s 

Brown 

Small  (,Jj5  col.) 

16 

Whitish 

Small 

'7 

Chocolate 

coloured 

Abundant  (,^5  col.) 

Microscopic  characters 


Red  cells  in  very  small  numbers 
Numerous  red  blood  cells,  pus  cells,  granular  casts, 
free  granules,  epithelial  cells  (Fig.  25) 

(irnnulnr  casts  and  masses  (fine  granules),  epithelial 
casts  (on  seventh  day  very  few  red  cells)  (Fig.  26) 
Granular  casts  and  masses  (Fig.  27 
Myaline  masses  or  casts  (Fig.  25) 

Granular  casts,  renal  epithelial  cells,  few  red  cells 
Red  cells,  granular  casts  and  masses,  renal  epithelial 
cells 

Granular  casts  (fine  granules)  and  masses,  renal 
epithelial  cells  (Fig.  28) 

Granular  casts  (coarse  granules),  renal  epithelial  cells, 
and  red  cells  (Fig.  29) 

Granular  casts,  few  renal  epithelial  and  red  cells 
(Fig.  27) 

Pus  cells,  granular  masses  and  casts  (examined  on 
eighth  day) 

Granular  casts  and  masses,  renal  epithelial  cells 
(on  fourth  day  very  few  red  cells) 

Granular  casts  and  masses,  renal  epithelial  cells 
(on  fourth  day  very  few  red  cells) 

Granular  and  hyaline  casts,  renal  epithelial  cells 

Granular  and  epithelial  casts  and  renal  epithelial 
cells 

Granular  casts  (coarse  granules)  epithelial  casts 

Granular,  hyaline  and  epithelial  casts,  free  granules 
(coarse  and  fine)  (Fig.  30) 

Granular  casts,  renal  epithelial  cells 
Granular  and  epithelial  casts  (coarse  and  fine 
granules)  renal  epithelial  cells,  few  red  cells 
(Fig.  31) 


During  suppression  of  urine  m  blackwater  fever  (Cases  ya  and 
If,  Table  41)  casts  continued  to  be  found  in  the  urine.  The  amount 
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of  deposit  obtainable  on  standing  or  centrifugalisation  was  extremely 
small.  In  Case  7a  it  appeared  of  a  brownish  colour  and  in  Case  n 
of  a  whitish  aspect,  but  its  colour  was  difficult  to  estimate  owing  to 
the  small  amount  obtainable  ;  in  the  former  case,  for  example,  if  a  ; 
sufficient  amount  of  deposit  had  been  available,  it  would  probably,  ; 
judging  from  its  microscopical  characters,  have  been  of  a  dark  ! 
reddish  brown  or  chocolate  colour.  The  deposit  consisted  principally  j 
of  dark  granular  casts,  which,  in  Case  7a,  were  just  visible  to  the  j 
naked  eye,  being  about  100  4  to  150  n  long  and  40  4  to  60  /u  broad  | 


Fig.  32.  Deposit  from  light  yellow-coloured  urine  of  Cnse  7a  (third  day,  during 
suppression  of  urine).  On  the  left  are  a  few  red  blood  cells.  In  the 
middle  are  two  large  casts  and  a  fragment  of  a  third,  containing 
large  coarse  granules,  closely  packed  and  bounded  externally  by 
epithelium  derived  from  the  collecting  tubules.  To  the  right  are  renal 
epithelial  cells  and  cell  masses.  Cp.  with  Figs.  28  and  29. 
Magnification  t8o  diameters. 

The  granules  were  of  more  or  less  spherical  form,  very  coarse,  having 
a  diameter  of  about  5/2,  of  a  dark  reddish  brown  colour,  in  their 
aggregated  condition  somewhat  resembling  blood  clot,  but  of  a 
deeper  colour,  and  were  densely  packed  together,  so  that  it  was 
sometimes  difficult  to  discern  the  outlines  of  the  individual  granules  ’ 
(Fig.  32).  No  fine  or  medium  sized  granules  were  observed.  The  1 
casts  were  covered  externally  with  a  layer  of  epithelium,  and  from  ‘ 
their  size  and  the  appearance  of  the  epithelium  it  is  clear  that  most 
of  these  casts  were  formed  in  the  ducts  of  Bertini  which  they  com¬ 
pletely  plugged.  In  addition,  masses  of  epithelial  cells  and  single 
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epithelial  cells,  both  presumably  of  renal  origin  and  apparently 
separated  off  from  the  casts,  were  met  with,  as  also  red  cells  in 
small  numbers  in  both  Case  /a  (Fig.  32)  and  Case  ii.  Casts  and 
red  blood  cells  continued  in  the  urine  during  the  whole  period  inter¬ 
vening  between  cessation  of  haemoglobinuria  and  death.  No 
bacteria  or  other  formed  elements  were  met  with  ;  hyaline  casts  were 
absent.  The  amount  of  the  deposit,  which  could  not  be  accurately 
measured,  owing  to  the  small  amount  of  urine  passed,  but  w-as 
relatively  as  well  as  actually  extremely  small,  did  not  appear  to  vary 
much  from  day  to  day  during  the  period  of  suppression,  nor  did  the 
composition  of  the  deposit  show  any  marked  change  during  this 
period. 


Table  41.  Characters  of  deposit  from  urine  during  suppression  in  blackwater  fever  (Cases  7a  and  11). 

Case  16  is  also  given  in  this  Table. 


Case 

Colour 

Amount 

Microscopical  characters  ^ 

Coagulablc  proteld 

7a — 2nd  day 
»  Bid 

,,  4th  „ 

„  5‘h  „ 

1  6th  „ 

n  7th  „ 

1  ,,  8th 

1  „  loth  „ 

Brownish 

j) 

n 

n 

n 

See  p.  tggl  very  slight 

Urine  21  c.c.] 

Urine  1 1  c.c.]  „ 

Urine  1 7  C.C.]  „ 

Urine  33  c.c.]  „ 

Urine  48  c.c.]  ,, 

Urine  35  c.c.]  „ 

Urine  23  c.c.j  „ 

Urine  43  c.c.]  „ 

Red  cells,  granular  casts 
(coar.se  granules)  sur¬ 
rounded  by  renal 
.  tubule  cells,  granular 
debris,  free  renal  cells. 

[Fig-  32] 

Precipitate  j  col.  to  § 

V  col.,  of  slightly 

brownish  white  colour 

11— 4th  „ 

»  5  th  „ 

,,  6th  ,, 

>i  7th  „ 

„  8th  „ 

),  9th  „ 

Nearly  white 

n 

n 

u 

n 

n 

Urine  48  c.c.]  slight 

Urine  92  c.c.j  „ 

Urine  73  c.c.]  „ 

Urine  93  c.c.]  „ 

Urine  85  c.c.]  „ 

Urine  8  c.c.]  „ 

1  Granular  casts,  epithelial 
j  cells,  very  few  red  cells 

^  Precipitate  |  col.  to  i 
col.  of  white  colour 

( 

16 — 4th  „ 

—  , 

1 

[Urine  336  c.c.]  very  slight 

[On  2nd  and  3rd  days, 
deposit  small,  consist¬ 
ing  of  granular  casts 
and  epithelial  cells] 

^  col.  white  precipitate 
[sp.  gr.  1-015] 

1  .1  5th  „ 

— 

Urine  544  c.c.]  „ 

— 

1  „  6tii  „ 

— 

Urine  500  c.c.]  „ 

— 

I  11  7th  „ 

— 

Urine  1400  c.c.]  „ 

— 

„  8th  „ 

^  — 

Urine  840  c.c.]  ,, 

— 

gth  „ 

[Urine  420  c.c.]  „ 

It  will  be  noticed  that  the  chief  alteration  in  the  appearance  of 
the  casts  observed  during  suppression  of  urine  consisted  in  their 
large  size,  in  the  coarseness  of  the  granules  they  contained,  and  in 
the  frequent  presence  of  an  external  epithelial  envelope. 


Suppression  o'f  urine  in  blackwater  fever  is  known  not  to  be 
necessaiily  complete,  and  hence  the  term  oliguria  is  sometimes 
employed  to  denote  this  condition,  instead  of  the  more  familiar 
teims  suppression  or  '  anuria.’  A  search  of  the  literature  has  not 
enabled  us  to  find  exact  records  of  the  amounts  of  urine  passed  in 
individual  cases  during  suppression,  but  two  of  our  own  cases  (;a 
and  1 1)  furnish  data  on  this  point.  The  daily  amounts  in  these  two 
cases  are  given  in  Table  41.  and  will  be  seen  to  range  in  Case 
from  iic.cm.  to  4300111.,  and  in  Case  ii  from  8  c.cm.  to  92  ocm. 
The  urine  was  voided  naturally,  but  owing  to  the  small  quantities 
present  in  the  bladder  some  difficulty  was  experienced  in  voiding  it, 
and  it  is  not  certain  that  the  bladder  was  always  completely  emptied. 
In  any  case,  however,  the  daily  variations  were  not  usually 
considerable.  The  average  amount  of  urine  secreted  by  Case  ;a 
was  28  c.cm.*  per  day,  and  by  Case  ii  66  c.cm.  per  day  (Table  42). 


Table  42.  Average  daily  amount  of  urine  pas.sed  during  suppression  of  urine  in 
blackwater  fever.  The  colour  of  the  urine  was  light  yellow  or  amber. 


Case 

Period  of 
suppression 

j 

1  Average  amount  of 

— 

■  urine  daily  during 
suppression 

Sp.  gr.  of  \irlnc 

Coagulable  proteid 
in  urine 

7a 

Nine  days 

28  c.c. 

r*oro  lo  1*015 

,[  col.  to  J  col. 

1  T 

Six  days 

66  c.c. 

I  *008  to  1*009 

^  col.  to  ^  col. 

(on  fourth  and  fifth  days) 

The  urine  was  pale  yellow  or  amber  in  colour,  and  was  of  markedly 
low  specific  gravity,  namely,  roio  to  roi5  in  the  first  case  and 
I  008  to  I  009  in  the  second  case.  Unfortunately,  no  estimation  of 
the  amount  of  urea  present  could  be  made.  Another  striking  feature 
of  the  urine  was  the  large  amount  of  coagulated  proteid  which  it 
contained,  the  precipitate  produced  on  acidifying  and  boiling 
measuring,  on  standing,  l  col.  to  |  col.  of  the  urine  taken.  In 
Table  41,  together  with  the  above  two  cases,  in  which  death  occurred 
on  the  tenth  and  ninth  days  respectively,  another  case  is  also  recorded, 
because  the  question  arose  whether  this  case,  in  which  death  occurred 
on  the  ninth  day,  should  be  regarded  as  one  of  partial  suppression. 
The  average  daily  amount  of  urine  was  640  c.cm.  (22^  oz.),  and  its 
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specific  gravity  was  somewhat  low,  being  1-015.  Unfortunately,  as 
in  the  preceding  cases,  no  estimation  of  the  output  of  urea  was 
possible.  1  he  coagulable  proteid  obtained  on  acidifying  and  boiling 
measured,  on  standing,  col.  Further  reference  will  be  made  to 
this  case  later. 

Attention  must  now  be  directed  to  the  condition  of  the  kidneys 
at  the  time  of  death  from  suppression  of  urine  in  Cases  7a  and  11. 
Before  proceeding  further,  however,  reference  may  be  made  to  the 
literature  of  this  subject.  The  number  of  post-mortem  records  of  the 
aspect  of  the  kidneys  in  suppression  of  urine  in  blackwater  fever, 
which  are  accompanied  by  a  report  of  the  microscopical  appearances 
of  these  organs,  is  ver)^  small.  Two  cases  of  death  with  suppression 
of  urine  in  blackwater  fever  are  described  by  H.  Werner,*  death  in 
one  case  (Case  i)  taking  place  on  the  day  of  the  attack,  and  in  the 
other  case  (Case  3)  on  the  third  day  after  the  commencement  of 
haemoglobinuria.  In  the  first  case  the  kidneys  were  dark  violet 
in  colour  and  were  not  markedly  enlarged.  The  medulla  showed  a 
dark  brown  striation  to  the  naked  eye.  On  microscopical  examina¬ 
tion  a  finely  granular  exudation  was  seen  within  the  Malpighian 
capsules,  and  occasionally  separated  epithelial  cells  were  noted,  but 
the  glomerular  cells  were  unaltered.  The  epithelium  of  the  convo¬ 
luted  and  straight  tubules  was  normal,  but  their  lumen  was  enlarged 
and  contained  coagulated  material  exhibiting  granules,  which  were 
fine  near  the  glomerulus  but  became  progressively  coarser  as  the 
collecting  tubules  were  approached.  No  trace  of  an  inflammatory 
process  in  the  connective  tissue  of  the  kidney  was  observed.  Inside 
the  blood  vessels  was  seen  black  malarial  pigment,  and  in  some 
places  plasmodial  division  forms.  In  the  second  case  described  by 
Werner  the  kidneys  were  of  a  pale  brown  to  yellowish  red  colour, 
and  were  enlarged.  The  microscopical  appearances  were  the  same 
as  in  the  first  case,  e.xcept  that  the  epithelium  of  the  convoluted 
tubules  .showed  in  places  cloudy  swelling. 

The  cases  coming  under  our  own  observation  were  two  in  number 
(Cases  ya  and  1 1,  Tables  41  and  42  ;  clinical  histories,  pj).  195  to  201 
and  pp.  217  to  222),  death  occurring,  as  already  mentioned,  on  the 
tenth  and  ninth  days  respectively,  the  duration  of  suppression  being 

*  XJber  die  Nieren  beim  Schwarzwasserfieber,  Arch.  f.  Schiffs-  und  Tropen- 
hygiene,  1907,  B.  ii,  S.  5. 


eight  days  in  the  first  case  and  five  days  in  the  second.  The  kidneys 
showed  no  obvious  congestion,  though  somewhat  dark  m  aspect 
They  were  of  a  brownish  colour.  The  capsule  stripped  readily  ij 
Case  ya,  and  with  slight  erosions  in  Case  ii.  A  most  striking  feature 
of  the  kidneys  was  their  marked  enlargement,  measuring  in  Case  ya 
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Fig.  33.  Section  of  cortex  of  kidney  during  suppression  of  urine,  eight  r 
days  after  haemoglobinuria  had  ceased.  Blackwater  Fever,  Case  ya.  f 
The  renal  tubules  are  considerably  distended  with  fluid.  The  lumen 
of  thirteen  of  the  tubles  is  partly  occupied  by  darkly  staining  coarse 
granules  measuring  about  5/1  in  diameter,  some  of  which  are  discrete, 
while  others  have  coalesced  into  irregular  masses.  The  epithelium  of  t 
the  tubules  is  flattened,  but  is  not  degenerated.  The  Malpighian  I 
capsules  are  dilated,  but  otherwise  unaltered.  The  interstitial  tissue, 
which  seems  to  be  also  distended  with  fluid,  exhibits  no  cell 
infiltration.  No  malarial  pigment  is  recognisable.  Hardened  in 
alcohol.  Stained  with  iron  alum  haematoxylin.  x  120. 

sin.  in  length  by  sin.  in  breadth  and  i^in.  in  thickness;  in  Case  iij 
the  enlargement  was  very  nearly  as  great.  The  cortex  could  not| 


be  sharply  differentiated  from  the  medulla,  so  that  it  was  not  possible !■ 
to  say  how  far  the  degree  of  swelling  was  greater  in  the  former  as|- 
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compared  with  the  latter.  A  further  characteristic  alteration  in  the 
aspect  of  the  kidney  was  presented  by  tlie  medulla,  which  was  quite 
abnormal,  being  dark  brown  almost  black  in  colour,  especially  at  the 
bases  of  the  pyramids.  On  closer  examination  it  was  seen  that  this 
was  due  to  fine  brown  radiating  lines,  presenting  a  somewhat  fan-like 
character  and  readily  seen  with  the  naked  eye.  Fine  brownish  dots 
could  also  be  recognised,  though  not  so  readily,  scattered  here  and 
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Fig.  34.  Transverse  section  of  medulla  of  kidney  during  suppression  of 
urine,  eight  days  after  haemoglobinuria  had  ceased.  Blackwater 
Fever,  Case  7a.  Many  of  the  large  collecting  tubules,  which  are 
dilated  and  exhibit  flattening  of  the  epithelial  lining,  are  partly 
filled  with  darkly  staining  granular  material.  The  individual 
granules,  which  are  about  5^1  in  diameter,  are  in  some  places  discrete 
but  are  more  frequently  closely  packed  so  as  to  form  irregular  masses. 
In  some  of  the  tubules  also  free  epithelial  cells  are  seen.  The  renal 
epithelium  though  flattened  shows  no  degenerative  changes.  The 
interstitial  tissue  does  not  exhibit  any  cell  infiltration  or  other  marked 
alteration.  No  malarial  pigment  is  recognisable.  Hardened  in 
alcohol.  Stained  with  iron  alum  haematoxylin.  x  130. 


there  throughout  the  cortex.  I  he  above  two  changes — the  enlarge¬ 
ment  of  the  kidney  and  the  distribution  of  the  dark  brown  medullary 
striation  and  cortical  stippling — are  shown  somewhat  diagram- 
matically  in  Fig.  6i,  C.  Recent  haemorrhages  of  a  punctate 
character  were  seen  in  Case  /a  in  the  mucous  membrane  of  the  renal 
pelvis,  as  well  as  an  ecchymosis  about  i  cm.  in  diameter  beneath  the 
capsule  of  the  left  kidney. 
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35.  Seclion  of  cortex  of  kidney  during  suppression  of  urine,  eight 
days  after  haemoglobinuria  had  ceased.  Bfackwater  Fever,  Case  7a. 
A  dilated  convoluted  tubule  is  seen  in  transverse  section.  The  lumen 
ot  the  tubule  IS  partly  occupied  by  irregular  masses,  composed  of 
darkly  stained  granules.  The  individual  granules,  when  discrete, 
lange  from  2^  or  3/r  to  571  m  diameter.  To  the  right  some  finely 
granular  debris  is  seen.  Within  the  lumen  of  the  tubule  are  two  free 
epithelial  cells  the  nuclei  of  which  are  indistinct.  The  epithelium 
of  he  waU  of  the  tubule  is  flattened,  but  does  not  present  any 
marked  evidence  of  degeneration.  Hardened  in  alcohol.  Stained  with 
iron  alum  haematoxylin.  x  1350. 


On  making  sections  of  the  kidneys  in  Cases  ya  and  ii,  it  was 
found  (Figs.  34,  36,  38,  40,  54  and  56)*  that  many,  but  not  all,  of  the 

-  Figs.  53-60  are  opposite  p.  131  (Plates  1  and  2). 
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ducts  of  Bertini,  the  largest  collecting  tubules,  contained  dark  reddish 
brown  granular  plugs  40/1  to  80/1  in  transverse  measurement,  similar 
to  those  already  described  in  the  urine  (Fig.  32),  and  giving  rise  to 
the  brown  radiation,  already  mentioned,  visible  to  the  naked  eye 
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I'lG.  36.  Section  o£  medulla  of  kidney  during  suppression  of  urine,  eight 
days  after  haeraoglobinuria  had  ceased.  Blackwater  Fever,  Case  7a. 
A  collecting  tubule  is  shown  in  transverse  section.  The  lumen  of  the 
tubule  is  partly  filled  with  free  epithelial  cells  and  irregular  masses 
composed  of  darkly  stained  granules  of  varying  size,  which  have  for 
the  most  part  coalesced.  The  size  of  the  individual  granules  ranges 
from  3/i  to  5/i.  Some  of  the  free  epithelial  cells  contained  within  the 
tubule  exhibit  a  well  .stained  micleiis.  the  cytoplasm  of  the  cell  not 
being  markedly  altered  in  appearance;  in  others  the  cytoplasm  is 
stained  more  darkly  than  usual  and  the  nuclei  are  indistinct. 
Hardened  in  alcohol.  Stained  with  iron  alum  haematoxylin,  x  1150. 


in  the  medulla  of  the  kidney.  In  places  these  plugs  had  been 
detached,  sometimes,  but  not  always,  together  with  the  epithelial 
lining  of  the  collecting  tubule,  the  basement  membrane  being  then 
bare.  In  some  cases  a  granular  plug,  covered  externally  with 
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epithelium,  had  been  detached  at  a  higher  level  and  was  found  partly 
fdling  a  duct  of  Bertini.  In  the  smaller  straight  tubules  similar  plugs 
of  lesser  dimensions,  from  30//  to  /\on  in  diameter,  were  frequently 
seen.  In  the  uriniferous  tubules  (Figs.  33,  35,  37,  39,  53  and  55)  j 
granular  plugs  or  casts  were  sometimes  present,  frequently  absent  i 
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Fig,  37.  Section  of  cortex  of  kidney  during  .suppression  of  urine,  five 
days  after  haernoglobinuria  had  ceased.  Hlackwater  Fever,  Case  ii. 
The  renal  tubules  are  generally  dilated  to  a  considerable  degree,  the 
epithelium  being  in  many  places  correspondingly  thinned.  Tn  thirteen 
of  the  tubules  dense  black  material  is  seen  partly  filling  the  lumen. 
In  two  situations  this  material  is  observed  to  consist  of  more  or  less 
discrete  granules,  while  elsewhere  the  individual  granules  are 
indistinct.  A  small  amount  of  flocculent  material,  with  here  and 
there  a  nucleus,  can  be  recognised  in  some  of  the  tubules.  Tn  one 
tubule  the  epithelium  has  disappeared  from  part  of  the  wall  of  the 
tubule.  The  renal  epithelium  does  not  appear  to  be  degenerated. 
'I'he  interstitial  tissue  is  distended  with  fluid,  but  does  not  exhibit 
any  cell  infiltration.  The  blood  vessels  are  not  congested.  Few  red 
cells  are  seen.  No  malarial  pigment  is  recogni.sable.  Hardened  in 
alcohol.  Stained  with  iron  alum  haematoxylin.  x  150. 
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These  plugs,  which  varied  considerably  in  diameter,  ranging  from 
30/U  to  8o/i,  gave  rise  to  the  brown  stippling  sometimes  seen  on  a 
cut  surface  of  the  cortex  of  the  kidney  (Fig.  61). 


i'JG.  38.  'transverse  section  of  medulla  of  kidney  during  suppression  of 
urine,  five  days  after  tiaenioglobinuria  had  ceased.  Hlackwater  Fever, 
Case  II,  About  half  of  the  collecting  tubules  are  partly  occupied  by 
darkly  staining  material,  which  in  some  places  appears  uniform  in 
aspect,  but  elsewhere  when  not  very  dense  is  seen  to  he  made  nji  ol 
granules  of  varying  size.  In  addition  epithelial  cells  can  be 
recognised  in  six  of  the  collecting  tubules.  The  collecting  tubules  are 
more  or  less  distended  and  their  epithelial  lining  is  correspondingly 
thinned.  The  epithelium  of  none  of  the  collecting  tubules  has  been 
shed,  'f'he  renal  epithelium  does  not  exhibit  degenerative  changes. 
The  blood  capillaries  are  with  very  few  exceptions  empty,  no  red 
cells  being  .seen.  The  interstitial  tissue  is  not  markedly  altered  in 
appearance.  No  malarial  pigment  is  recognisable,  Ilardened  in 
alcohol.  Stained  with  iron  almn  haematoxylin.  x  <35- 
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The  renal  plugs  were  seen  in  sections  stained  with  haematoxylin 
to  be  very  irregular  and  heterogeneous  in  aspect,  not  as  a  rule  , 
completely  filling  the  lumen  of  the  tubule.  They  were  in  part  made  I 
up  of  granules,  readily  taking  up  the  dye  so  as  to  be  black  in  colour,  | 
and  of  irregular  masses,  measuring,  as  much  as  50/1  or  more  across, 
formed  by  the  coalescence  of  the  granules.  In  addition  to  these  j 
granules  other  elements  were  often  present,  namely,  detached  | 
epithelial  cells  and  smaller  lightly  stained  granules,  together  with 
flocculent  matter. 


Fig.  39.  Section  of  cortex  of  kidney  during  suppression  of  urine,  five 
days  after  haemoglobinuria  had  ceased.  Blackwater  Fever,  Case  ii.  J 
A  dilated  renal  tubule  is  seen  in  transverse  section.  The  lumen  of  I 
the  tubule  is  partly  occupied  by  darkly  stained  granules,  varying  in  F 
diameter  from  3/x  to  about  5/i,  which  have  joined  together  so  as  to  | 
form  irregular  more  or  less  elongated  masses.  In  addition  one  free  1 
epithelial  cell  is  seen  among  the  granular  masses.  The  epithelial  L 
lining  of  the  tubule  can  be  recognised  without  difficulty,  it  is  thinned,  J 
especially  above.  F.xcept  for  this  thinning,  the  result  of  dilation  of  I 
the  tubule,  the  epithelium  does  not  seem  otherwise  altered.  Hardened  j 
in  alcohol.  Stained  with  iron  alum  haematoxylin.  x  1300.  I 
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L'ju.  40.  Section  of  medulla  of  kidney  during  suppression  ot  urine,  live 
days  after  haemoglobinuria  had  ceased.  Blackvvater  Fever,  Case  ii. 
Tran.sver.se  section  of  a  collecting  tubule.  The  lumen  of  the  tubule 
is  incompletely  filled  with  epithelial  cells  and  darkly  stained  granular 
material,  the  individual  granules,  which  are  from  to  5/1  in  diameter, 
having  coalesced  so  as  to  form  irregular  groups.  The  nuclei  of  two 
ot  the  free  epithelial  cells,  contained  in  the  lumen  of  the  tubule 
present  a  shrunken  aspect  and  do  not  exhibit  a  well  formed  chromatin 
network.  The  epithelial  cells  lining  the  tubule  do  not  exhibit  any 
marked  change,  and  the  interstitial  tissue  is  free  from  any  indication 
of  cell  infiltration.  Hardened  in  alcohol.  .Stained  with  iron 
alum  haematoxylin  x  1300. 
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The  individual  darkly  stained  granules  were  usually  of  large  size, 
measuring  3/z  to  5//  in  diameter.  They  were  of  the  same  size  m  the 
cortex  as  in  the  medulla,  not  presenting  any  increase  in  size  as  the 
renal  pelvis  was  approached.  A  few  tubules  were  met  with,  both 
in  the  cortex  and  in  the  medulla,  containing  much  smaller  granules, 
measuring  from  2/z  to  less  than  0'5/«  in  diameter  (cp.  Fig.  37).  Ihese 
were  sometimes  very  dark,  almost  black  in  colour,  sometimes  less 
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deeply  stained,  occasionally  merely  lightly  tinted. 

Epithelial  cells  were  a  common  feature  of  the  plugs  (Figs.  37  to 
40).  They  were  of  large  size,  with  abundant  cytoplasm.  The 
nucleus  was  sometimes  darkly,  sometimes  lightly  stained,  or  had 
contracted  to  form  a  small  darkly  stained  mass,  the  chromatin  net¬ 
work  of  which  was  not  well  defined.  The  cytoplasm  usually  stained 
more  deeply  with  acid  dyes  than  did  that  of  the  epithelial  cells  lining 
the  tubule,  but  was  less  granular  in  aspect  than  the  latter. 

The  lightly  stained  debris  sometimes  seen  in  the  tubules  in 
addition  to  the  above  elements  was  in  part  made  up  of  well-defined 
fine  granules,  24  to  S//  or  less  in  diameter,  and  m  part  of  amorphous 
flocculent  material.  Every  transition  could  be  observed  between 
the  former  and  the  darkly  stained  granules  of  smaller  size  described 
above. 

The  most  striking  feature  of  the  material  contained  in  the  lumen 
of  the  renal  tubules  was  its  multiformity  and  irregularity,  which  was 
much  greater  than  that  observed  in  the  renal  casts  seen  in  the 
urine  during  experimental  haemoglobinuria  or  during  blackwater 
(Figs.  21  to  32). 

The  uriniferous  tubules  were  considerably  distended,  the  lumen 
of  the  convoluted  tubules  commonly  having  a  diameter  of  404  to  50/1 
(Figs.  33  to  40),  and  the  epithelial  lining  affected  being  correspond-i 
ingly  flattened.  The  same  distension  affected  also  the  cavity  of  tlie| 
Malpighian  capsules  (Fig.  33),  which  occasionally  contained  lightly! 
stained  finely  granular  deposit.  Beyond  flattening,  however,  no  otheij 
abnormal  change  was  recognisable  m  the  epithelial  cells  of  tlit| 
kidney.  The  nuclear  staining  was  unaltered,  and  cloudy  swellingj 
was  not  observed.  No  brown  granules  were  met  with  in  thf| 
epithelial  cells  of  the  uriniferous  tubules. 


In  the  interstitial  tissue  of  the  kidney  no  cell  infiltration  or  other 
change  was  present.  The  blood  vessels  of  the  kidney  were  usually 
empty.  No  malarial  pigment  was  found  in  the  blood  vessels  or 
elsewhere.  No  haemorrhages  were  seen  in  the  interstitial  tissue  of 
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Fig.  41.  Section  o£  cortex  of  kidney,  seven  days  after  haeraoglobinuria 
had  ceased.  Hlackwater  Fever,  Case  16.  Many  of  the  larger  renal 
tubules  (mostl)-  convoluted  tubules)  and  some  of  the  smaller  contain 
darkly  staining  material,  partially  filling  the  lumen.  This  material  is 
in  part  so  darkly  stained  as  to  look  homogeneous,  but  where  less  dense 
it  can  be  recognised  to  be  made  up  of  irregular  granules  of  varying 
size.  The  epithelium  of  the  renal  tubules,  which  in  this  section  is 
very  faintly  stained,  does  not  present  any  unmistakable  evidence  of 
degeneration.  The  interstitial  tissue  does  not  exhibit  any  marked 
increase  in  amount,  nor  any  cell  infiltration.  Xo  malarial  pigment 
can  be  recognised.  Fixed  in  Flemming’s  solution.  Stained  with  iron 
alum  haematoxylin.  x  160. 


either  cortex  or  medulla,  but  haemorrhage  beneath  the  capsule  of 
one  kidney,  already  referred  to,  was  observed  in  Case  /a. 

The  position  and  aspects  of  the  renal  casts,  and  the  distension 
of  the  renal  tubules  and  Malpighian  capsules  are  represented 
diagrammatically  in  Fig.  62A. 
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I'lG.  42.  Transverse  section  of  medulla  of  kidney,  seven  days  after  haenio- 
globinuria  had  ceased.  Blackwater  Fever,  Case  i6.  Many  of  the 
collecting  tubules  are  in  part  occupied  by  darkly  staining  material, 
usually  dense  in  aspect,  but  in  one  of  the  tubules  coarse  granules  are 
seen.  In  some  of  these  tubules  epithelial  cells  and  debris  can  also  be 
recognised.  Some  of  the  collecting  tubules  are  devoid  of  epithelial 
lining  and  contain  a  very  small  amount  of  floceulent  material.  Four 
of  the  smaller  tubules  show  h^^aline  casts,  indicated  by  parallel 
shading.  A  few  blood  cells  are  seen  containing  red  cells  darkly 
stained.  Ihe  interstitial  tissue  shows  no  increase  in  amount  nor  is 
any  cell  infiltration  observable.  No  malarial  pigment  can  be  seen. 
Hardened  in  alcohol.  Stained  with  iron  alum  haematoxvhn.  x  t6o. 
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We  will  now  refer  to  the  histological  changes  presented  by  the 
kidneys  in  another  attack  of  blackwater  fever  (Case  i6),  in  which 
death  occurred  seven  days  after  haemoglobinuria  had  ceased,  during 
which  period  640  c.cm.  (22^  oz.)  of  urine  of  specific  gravity  i'oi5  were 
passed  daily  (see  clinical  notes,  pp.  235  to  239).  Although  in  this  case  it 


Fig.  43.  Section  of  cortex  of  kidney,  seven  da3's  after  haemoglobinuria 
had  ceased.  Hlackwater  F’ever,  Case  16.  Transverse  section  of  renal 
tubule.  The  lumen  is  occupied  by  darkly  stained  large  coarse 

granules,  to  5/i  in  diameter,  similar  to  those  seen  in  the  preceding 
Figures,  and  also  by  smaller  granules,  less  darkly  stained  and  about 
I'S/i  in  diameter.  The  section  is  lightly  stained.  Fixed  in  Flemming’s 
solution.  Stained  with  iron  alum  haematoxylin  x  1400. 


is  not  certain  that  some  degree  of  suppression  of  urine  occurred,  the 
condition  of  the  kidneys  offers  an  interesting  comparison  with  that 
found  in  Cases  ya  and  i  i. 

In  naked  eye  appearance  the  kidneys  presented  little  change 
beyond  slight  enlargement.  Sections  of  the  kidneys  (Figs.  41-44 
and  57-58)  were,  however,  very  similar  to  those  of  the  preceding  two 
cases.  Many  of  the  uriniferous  and  collecting  tubules  contained 
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Kig.  44.  Section  of  medulla  of  kidney,  seven  days  after  haeinoglobinuria 
had  ceased.  Hlackvvater  Fever,  Case  16.  A  large  collecting  tubule  is 
shown  in  transverse  section.  In  the  lumen  of  the  tubule  are  darkly 
sta'ined  coarse  granules,  to  about  5/1  in  diameter,  and  masses 
formed  by  the  coalescence  of  these  granules.  Free  epithelial  cells  are 
also  seen  within  the  tubule,  among  these  masses.  The  cells  of  the 
epithelial  lining  of  the  tubule  are  partially  detached.  Fixed  in 
Flemming’s  solution.  Stained  with  iron  alum  haematoxylin.  x  1300- 
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large  darkly  staining  granules  and  masses  composed  of  groups  of 
granules  more  or  less  completely  fused  together.  These  granules 
and  granular  masses  were  accompanied  by  epithelial  cells  lying  free 
in  the  lumen  of  the  tubules,  and  also  by  a  variable  amount  of  lightly 
staining  granular  and  flocculent  material.  The  individual  darkly 
.staining  granules  were  usually  of  large  size,  ranging  from  3/«  to  5/i 
in  diameter,  and  in  addition  collections  of  darkly  staining  granules 
of  much  .smaller  size,  measuring  2n  to  less  than  o’ 5/i  in  diameter, 
were  frequently  met  with  (Figs.  43  and  57).  The  lumen  of  the 
tubules  generally  contained  numerous  epithelial  cells.  Throughout 
the  kidneys  the  epithelial  cells  lining  the  tubules  were  more  or  less 
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^  kidney  during  experimental  haemoglobinuria. 

®  ml"  ^I’bules  dark  masses  containing 

granules  are  seen.  Ihe  individual  granules  are  small  and  vary  in 

hHthv  ^  Somewhat  scanty.  The  renal  epithelium  is 

no  are  not  dilated.  The  inter.stitial  tissue  shows 

cLillaries  Cells  are  recognisable  in  several  intertubular 

S ineri  fvUh  1  Malpighian  capsule.  Hardened  in  alcohol, 

stained  with  iron  alum  haeniatoxybn.  x  170, 


completely  detached  (Fig.  44).  Some  of  the  tubules,  in  particular 
the  large  collecting  tubules,  exhibited  no  epithelial  covering,  the  ' 
basement  membrane  being  bare  (Fig.  42).  Lightly  staining  material,  | 
present  in  the  form  of  granules,  rs/^  to  o'5/“  in  diameter,  and  of 
flocciilent  deposit,  is  seen  in  Figs.  43  and  58.  The  lumen  of  the 


Fig.  46.  Another  section  of  cortex  of  kidney  during  experimental  haemo- 
globinuria  of  Rabbit  7,  Table  35.  The  epithelium  is  healthy  in  aspect, 
showing  no  sign  of  cloudy  swelling  or  other  indication  of  degeneration, 
i’he  tubules  are  not  recognisabljf  dilated,  but  casts  of  granular 
material,  stained  ver)’  darkly,  are  present  in  six  of  the  tubules.  Casts 
presenting  a  homogeneous  aspect,  indicated  in  the  sketch  by  parallel 
shading,  are  seen  in  five  tubules.  There  is  no  increase  of  nuclei  or 
other  change  in  the  interstitial  substance  of  the  kidney.  A  few  of  the 
blood  capillaries  contain  red  cells,  stained  black.  No  malarial 
pigment  is  seen.  Fixed  in  Flemming's  solution.  Stained  with  iron 
alum  haematoxylin.  x  155. 
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tubules  was  wide,  but  there  was  not  the  marked  distension  with 
flattening  and  thinning  of  the  epithelial  lining  seen  in  the  two 
preceding  cases.  The  interstitial  tissue  showed  no  cell  infiltration, 
nor  was  any  recognisable  increase  of  connective  tissue  present.  No 
evidence  of  renal  haemorrhage  was  found,  and  the  blood  vessels 
were  free  from  malarial  pigment,  ft  will  thus  be  seen  that  the 
chief  points  of  difference,  as  regards  the  condition  of  the  kidneys, 
between  this  case  (i6)  and  the  preceding  cases  (ya  and  ii),  in  which 
suppression  of  urine  occurred,  are  :  the  absence  of  distension  of  the 
renal  tubules  in  degree  sufficient  to  cause  flattening  and  thinning  of 
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1‘1G.  47.  Longitudinal  section  of  medulla  of  kidney  during  experimental 
haemoglobin uria.  Rabbit  7,  Table  35.  In  four  of  the  large  collecting 
tubules  granular  casts  are  seen  partly  occupying  the  lumen  of  these 
tubules.  The  granules  are  fine,  but  vary  somewhat  in  size  and  also 
in  number  in  different  situations.  In  addition  some  slightl)''  staining 
flocculent  material  is  observable  in  the  tubules.  The  renal  epithelium 
IS  healthy  and  the  tubules  are  not  dilated.  No  change  is  present  in  the 
interstitial  tissue.  A  few  of  the  blond  capillaries  contain  red  cells 
darkly  stained.  Hardened  in  alcohol.  Stained  with  iron  alum  haema- 
toxylin.  X  170. 
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the  epithelial  lining  ;  the  frequency  with  which  small  granules,  2/i  to 
less  than  0'5M  in  diameter,  were  met  with;  and  the  much  greater 
extent  to  which  the  renal  epithelial  cells  were  loosened  and  detached. 

The  condition  of  the  kidneys  of  the  rabbit  in  experimental 
haemoglobinuria  was  also  studied.  In  illustration  of  the  changes 
observed,  we  give  sketches  of  sections  made  :  during  haemoglobinuria 
(eighty-five  minutes  after  the  injection  of  dissolved  haemoglobin, 
Experiment  7,  Table  35),  Figs.  45-49  and  59-60;  twenty-two  hours 
after  injection  and  fourteen  hours  after  cessation  of  haemoglobinuria 
(Experiment  9,  Table  35),  Figs.  50-51. 


Kig.  48.  Section  of  cortex  of  kidney  during  experimental  haemoglobinuria. 
Rabbit  7,  Table  35.  A  convoluted  tubule  is  shown  in  longitudinal 
seotion,  containing  a  granular  cast,  which  does  not  completely  fill  the 
lumen  of  the  tubule,  the  intervening  space  being  occupied  by  hyaline 
material  in  which  the  cast  is  embedded.  .\t  each  extremity  of  the 
cast,  and  near  its  centre,  the  individual  granules  become  distinct  and 
have  a  diameter  of  i/i  to  2fi;  elsewhere  they  are  packed  together  so 
densely  that  their  individual  outlines  become  uni-ecognisable.  The 
cytoplasm  of  the  renal  tubules  presents  a  finely  granular  aspect. 
Below  two  entire  red  blood  cells  and  part  of  three  others,  .stained 
black,  are  shown.  Hardened  in  alcohol.  Stained  with  iron  alum 
haematoxylin.  x  1250. 

In  each  case  the  naked  eye  aspect  of  the  kidneys  presented  no 
obvious  change  from  the  normal,  the  colour  of  the  kidney  being 
unaltered,  the  pyramid  natural  in  appearance,  and  no  brown  stippling 


’-3 


l)eing  recognisable.  On  cutting  sections  of  the  first  kidney  (Expen 
inent  7,  Table  3s).  the  only  change  observable  was  the  occasional 
presence,  in  some  of  the  renal  tubules,  of  granular  material  having 
the  aspect  of  the  casts  already  described  in  the  urine  (Figs.  21-24). 
This  appeared  to  be  scattered  here  and  there  in  all  parts  of  the 
uriniferous  and  straight  tubules,  but  was  absent  from  the  Malpighian 
capsules.  The  granules  varied  in  size  from  2/1  to  less  than  ; 
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Kig.  4y.  Section  of  medulla  of  kidney  during  e.\periniental  haemoglobin- 
uria.  Rabbit  7,  Table  35.  In  longitudinal  section  a  collecting  tubule 
is  shown,  partly  occupied  by  a  cast  consisting  of  semi-opaque 
flocculent  material  containing  here  and  there  darkly  stained  granules 
o-5yU  to  i/j.  in  diameter.  The  granules  are  mostly  discrete;  in  some 
places  they  are  in  contact,  but  they  do  not  appear  to  have  undergone 
fusion.  The  renal  epithelium  is  healthy  in  aspect.  Hardened  in 
alcohol.  Stained  with  iron  alum  haematoxyliii.  x  1400. 
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they  were  brown  in  colour,  in  the  unstained  condition,  and  did  not 
apiicar  to  increase  in  size  as  the  pelvis  of  the  kidney  was  approached. 
They  stained  readily,  but  were  more  easily  decolourised  than  the 
larger  granules  seen  in  the  kidneys  in  Cases  /a  and  ii.  The  casts 
varied  in  denseness,  and  the  hyaline  material  which  formed  their 
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Fig.  50.  Section  of  cortex  of  kidney  fourteen  liours  after  experimental 
haemoglobinuria.  Rabbit  g,  Table  35.  The  section  shows  portions  of 
three  Malpighian  bodies  and  a  number  of  tubules,  chiefly  convoluted 
tubules,  all  of  which  are  normal  in  aspect,  the  epithelium  being 
unaltered.  Three  of  the  smaller  tubules  show  casts  of  hyaline 
material,  hut  no  darkly-staining  granules  are  to  be  seen  in  any  of  the 
tubules.  None  of  the  tubules  are  dilated  I'ixed  in  Flemming’s  solution. 
Stained  with  iron  alum  haematnxylin.  x  i,s.5- 

basis  contained  sometimes  few,  sometimes  numerous  granules.  Most 
of  the  casts  were  surrounded  by  hyaline  material  (Figs.  48  and  49) 
The  lumen  of  some  of  the  cortical  tubules  was  filled  with  hyaline 
material  which  resembled  haemoglobin,  inasmuch  as  it  readily 
up  acid  dyes  (Figs.  45  and  46).  No  change  was  seen  in  the  blood 
vessels.  The  renal  epithelium  was  perfectly  normal  in  aspect. 

The  condition  of  the  kidneys  during  experimental  haemo¬ 
globinuria  is  represented  diagrammatically  in  Figs.  61 B  and  Ci7B. 


s» 


iVH 


Similar  renal  plugs  were  observed  in  cattle  and  dogs  during  rod 

water  due  to  piroplasmosis  (Fig.  52). 

The  kidneys  of  the  rabbit  fourteen  hours  after  the  cessation 
of  haemoglobinuria  were,  however,  in  all  respects  normal,  no  granular 
material  being  present  in  the  tubules  (Figs.  50  and  51). 
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I'lG.  51.  Longitudinal  section  of  medulla  of  kidney  fourteen  hours  after 
experimental  haemoglobinuria.  Rabbit  g,  table  35;^  three  collecting 
tubule.s  are  seen,  also  several  small  tubules.  The  epithelium  is 
everywhere  healthy  in  aspect.  A  small  amount  of  deposit  is  seen  in 
the  lumen  of  some  of  the  tubules,  but  no  darkly-staining  materiah 
There  is  no  c\ilatation  of  the  tubules,  and  the  inter.stitiat  tissue  t.s 
normal  in  a.spect.  Fixed  in  Flemming’.s  solution.  Stained  with  iron 
alum  haematoxylin.  x  153. 

In  the  experiments  upon  rabbits,  already  described  ( 1  ables  35, 
37),  in  which  haemoglobinuria  was  produced  by  the  intravenous 
injection  of  dissolved  haemoglobin,  an  increased  flow  of  urine 
occurred.  Up  to  the  present  we  have  not  obtained  suppression  of 
urine  after  injection.  It  will  be,  however,  of  interest  to  refer  at  this 
point  to  a  group  of  experiments  carried  out  by  different  observers, 
in  which  haemoglobinuria  has  been  followed  b)'  anuria.  In  these 
experiments  haemoglobinuria  was  produced  by  the  injection  of  a 


liaeinolytic  serum  (Fonlick,"  Joannoviezt)  of  a  solution  of  potassium 
cliloratc  (MarchanrU  Lebedeffii).  of  glycerin  (Lcberieff,!:!  Afanas- 
siewll),  of  iodine  (Lebedeff,§  Afanassiewll),  of  pyrogallic  acid  (/Xfanas- 
siewll),  and  of  toluylendiainin  (Afanassiewll).  By  all  these  agents 
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i'lG.  5J.  Section  of  cortex  of  kidney  of  bull  during  redwater  due  to 
inroplasmosis.  In  three  of  the  convoluted  tubules  casts  with  coarse 
irregular  granules,  darkly  stained,  are  seen  partly  filling  the  lumen  of 
the  tubule.s.  'the  epithelium  is  not  degenerated  and  the  tubules  are 
not  dilated.  No  alteration  of  the  interstitial  tissue  is  recognisable. 
Fixed  in  Flemming’s  solution.  Stained  with  iron  alum  haematoxylm. 

X  170. 

*Kxperimentalle  lleitrage  zur  l.ehre  von  der  Transfusion,  Virchow’s  .\rch., 
1875,  li.  62,  S.  273. 

fExperimentelle  llntersuchungen  fiber  fkterus,  Zeitschr.  f.  Meilkimde,  uiOF 
H.  25,__S.  25. 

I  fiber  die  Intoxication  dutch  chlorsaure  Salze,  Virch.  Arch.,  i87q,  Bd.  lit 
S.  455- 

§Zur  Kenntniss  der  feineren  Veranderungen  der  Nieren  bei  Ilamoglobinaus- 
scheidung,  Virch.  Arch.,  1883,  9'>  S.  267. 

II  iiber  die  pathologisch-anatomischen  Veranderungen  in  den  Nieren  und  in 
der  Leber  bei  einigen  mit  Tliimoglobinurie  oder  Ikterus  verbundenen  Vergiftiingen, 
Virch.  Arch.,  1884,  B.  98,  S.  460. 


hacmoglobiiiuria  may  l)c  obtained  anrl  sometimes  anuria  also.  In  the 
latter  case  the  kidneys  and  s])lecn  lia\’e  been  found  enlnrp;ed,  and  the 
former  lias  shown  dark  medidlary  striation  and  brown  cortical 
stippling,  while  the  urinifcrous  tubules  have  contained  plugs  of  dark 
brown  granular  material,  the  condition  being  similar  to  that  already 


I'lG.  6i.  I Jiagrammatic  repre.sentation  of  the  condition  of  the  kidney  in 
health  (A),  during  ex|)eiiinental  haenioglobinuria  of  rabbit  (U),  and 
in  .snppre.ssion  of  urine  follovv'ing  upon  Idackwater  fever  ((').  In  1! 
.S'lnall  cast.s  are  iiresent  in  some  of  the  nriniferous  and  collecting 
tubules  ;  in  (  large  casts  are  present  in  many  of  tlie  nriniferous  and 
collecting  tubules.  In  the  latter  considerable  enlargement  of  the 
kidney  is  also  observed,  tor  tlie  sake  of  comparison  li  is  represented 
as  tri-papillary  instead  of  l)eing  uni-papillary,  as  in  the  rabbit. 
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described  as  occurring'  in  suppression  of  urine  in  blackwater  fever. 
The  condition  of  the  animals,  however,  differed  in  several  important 
particulars  from  that  obtaining  in  blackwater  fever,  for,  in  addition 
to  the  profound  toxic  effect  produced  by  the  agents  employed,  marked 
changes  in  the  ajopearance  of  the  red  blood  cells  such  as  have  not 


C 

l''lG.  62.  Diagrammatic  representation  of  the  condition  of  the  glomerular 
capsule,  uriniferous  tubule  and  collecting  tubule  in  health  (C),  during 
experimental  haemoglobinuria  of  rabbit  (11),  and  in  suppression  of 
urine  following  upon  blackwater  fever  (A).  In  11  fine  granules,  in  A 
coarse  granules  and  masses  are  present  in  the  renal  tubules,  which 
in  A  are  also  dilated. 
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been  observed  in  blackwater  fever,  in  particular  fragmentation  of  the 
red  cells,  were  present,  and  in  the  kidneys  e]>ittielial  degeneration  was 
fre(|ucntly  obser\ed.  I 'nforiiina1<'l)',  in  eoiisecjiuMice  of  the  com¬ 
plexity  of  these  experiments,  in  which,  to  use  a  mathematic.il 
expression,  several  variables  occur  together,  it  is  difficult  to  lie  (juite 
sure  of  the  relation  of  the  pathological  conditions  present  to  the 
hacmoglobinuria  and  anuria,  nr  to  be  certain  of  tlie  identity  of  the 
anuria  so  produced  with  that  occurring  in  blackwater  fever,  in  spite 
of  the  similarity  of  the  asjiect  of  the  kidiu-ys  in  the  two  cases.  To 
ascertain  the  mechanism  of  production  of  the  hacmoglobinuria  and 
anuria  in  sucli  investigations  it  is  essential  to  cx|)criment  as  far  as 
jinssible  with  a  single  pathological  condition  at  a  time.  The 
experiments  in  (pieslion,  however,  if  not  as  illuminating  as  could  be 
desired,  are  very  suggestive  and  of  considerable  interest. 

I'rom  the  foregoing  dcscri]ition  of  the  condition  of  the  kidneys 
in  suirprcssion  of  urine  in  blackwater  fever,  the  mechanism  of  this 
process  becomes  at  once  (juitc  clear.  The  suppression  is  not  a 
functional  state,  but  is  a  purely  mechanical  process  due  to  blocking 
of  the  collecting  tubules  by  plugs  composed  of  densely  packed  dark 
reddish  granules,  identical  with  the  casts  observed  in  the  urine  during 
supiiression  (Cases  ya  and  i  i,  Fig.  32),  and  passing  1))’  every  transition 
into  the  casts  ordinarily  found  during  blackwater  not  attended  with 
suppression,  the  flifference  between  the  two  lying  in  the  large  size 
of  the  granules  and  greater  firmness  of  the  casts  in  the  former  as 
compared  with  the  latter,  and  also  in  the  firm  adhesion  to  the 
epithelial  lining  of  the  tubules  in  the  former  case. 

The  effect  of  the  plugging  is  .seen  in  the  distension  of  the 
uriniferous  tubules  and  A'lalpighian  cajisules  leading  to  the  consider¬ 
able  general  enlargement  of  the  kidney  observed  at  death  (Figs,  bi 
and  62). 


DESCRIPTION  OF  ILLUSTRATIONS 

I'rc..  5;j.  Section  of  cortex  of  kidney  during  .suppression  of  uiiiic,  eiglu 
<lays  after  haenioglobinuria  liad  ceased.  Illackwater  Fever,  Case  7a. 
.‘V  convoluted  tubule  is  shown  across  obli(|uely.  'I'be  lumen  of  the 
tubule,  which  is  dilated,  contains  numerous  darkly  stained  masses 
measiuing  ’n  to  25/4  across,  con-isting  of  gr.uiulcs,  2/4  to  5^4  in 
diameter  exibibiting  varying  degrees  of  coalescence.  The  renal 
eiiithelium  is  not  markedly  changed.  No  free  epithelial  cells  are 
seen  in  the  lumen  of  the  tubule.  Hardened  in  alcohol.  Stained 
with  iron  alum  haematoxylin.  x  S50. 


Kig.  54.  Section  of  medulla  of  kidney  during  supjrression  of  urine,  eight 
days  after  haemoglobinuria  had  ceased.  Blackwater  Fever,  Case  7a. 

A  collecting  tubule  is  shown  in  transverse  section,  in  the  lumen  of 
which  are  seen  darkly  stained,  two  large  irregular  masses,  and  several 
smaller  collections  of  granules.  The  individual  granules  measure 
from  2/i  to  4^  in  diameter.  Four  free  epithelial  cells  are  also 
present  in  the  lumen  of  the  tubule.  The  cytoplasm  of  the  latter  is 
more  homogeneous  in  aspect  than  that  of  the  epithelial  wall  of  the 
tubule,  which  is  unchanged  in  appearance.  Hardened  in  alcohol. 
Stained  with  iron  alum  haematoxylin.  x  850. 

FtG.  55.  Section  of  cortex  of  kidney  during  suppression  of  luine,  live 
days  after  haemoglobinuria  had  ceased,  lilackwater  Fever,  Case  ii. 

An  asceirding  limb  of  Henle’-s  loop  is  seen  in  transverse  section. 

The  lumen  of  the  tubule  contains  darkly  stained  masses,  composed 
of  partially  coalesced  granules,  the  smallest  of  which  are  about  a/r  in 
diameter.  In  addition  three  free  renal  cells  are  seen  in  the  tubule. 

To  the  right  is  a  portion  of  a  convoluted  tubule,  and  below  and  to 
the  left  a  blood  vessel.  The  renal  epithelium  is  very  granular  in 
aspect.  Hardened  in  alcohol.  .Stained  with  iron  alum  haematoxylin. 

X  850. 

Fig.  56.  Section  of  medulla  of  kidney  during  suppression  of  urine,  live 
days  after  haemoglobinuria  had  ceased.  Blackwater  Fever,  Case  ti. 

A  large  collecting  tubule  is  .shown  in  transverse  section,  containing 
darkly  stained  granules  i/x  to  3/r  in  diameter,  arranged  in  groups  of 
varying  size,  and  accompanied  by  lightly  stained  flocculent  and 
finely  granular  material.  The  epithelial  wall  of  the  tubule  is  unaltered 
in  aspect,  as  is  also  the  interstitial  tissue.  Hardened  in  alcohol. 
Stained  with  iron  alum  haematoxylin.  x  850. 

Fig.  57.  Section  of  cortex  of  kidney,  seven  days  after  haemoglobinuria 
had  ceased.  Blackwater  Fever,  Case  16.  A  renal  tubule,  probably 
an  ascending  limb  of  Henle’s  loop,  is  shown  cut  across  transversely. 

The  wall  of  the  tubule,  which  retains  its  epithelial  lining,  is  faintly 
stained  so  that  its  outlines  are  indistinct.  In  the  lumen  of  the  tubule 
are  numerous  darkly  stained  granules,  varying  in  size  from  less  than 
i/i  to  about  4/i  in  diameter,  in  part  arranged  in  groups.  In  addition 
a  large  amount  of  lightly  tinted  granular  material  is  also  recognisable. 
Fixed  in  Flemming’s  solution.  Stained  with  iron  alum  haematoxylin. 
x  850. 

Fig.  58.  .Section  of  medulla  of  kidney,  seven  days  after  haemoglobinuria  | 

had  ceased.  Blackwater  Fever,  Case  16.  A  collecting  tubule,  lightly  I 

stained,  is  seen  in  transverse  section.  The  lumen  of  the  tubule  is 
filled  with  darkly  stained  granules,  mostly  aiTanged  in  groups.  The 
individual  granules  measure  i/x  to  3/i  in  diameter.  The  epithelial  ] 
lining  of  the  tubule  is  partially  detached.  ITnlike  the  preceding  | 
section,  there  is  very  little  unstained  debris  contained  within  the  I 

lumen  of  the  tubule.  Hardened  in  alcohol.  Stained  with  iron  alum  ' 
haematoxylin.  x  850.  1 

Fig.  5q.  Section  of  cortex  of  kidney  during  experimental  haemoglobinuria.  ^ 
Rabbit  7,  Table  35.  A  renal  tubule  is  shown,  containing  granules 

to  ifi  in  diameter,  which  occupy  a  relatively  small  portion  of  I 
the  lumen  of  the  tubule.  These  granules  are  darkly  stained,  but  I 

slightly  less  so  than  is  represented  in  the  Figure.  No  other  debris  ^ 

i.s  present  in  the  tubule.  The  epithelial  lining  of  the  tubule  wall  i.s 
well  defined,  .some  of  the  divisions  between  the  individual  epithelial 
cells  being  recognisable.  Hardened  in  alcohol.  Stained  with  iron 
alum  haematoxylin.  x  850.  1 

Fig.  fio.  .Section  of  medulla  of  kidney  during  experimental  j 

haemoglobinuria.  Rabbit  7,  Table  35.  A  collecting  tubule  is  shown 
cut  across  longitudinally.  The  lumen  of  the  tubule  is  for  the  most  | 
part  occupied  by  lightly  staining  flocculent  material  containing  a  few  ; 

very  fine  darkly  stained  granules  the  diameter  of  the  largest  of  which  | 

does  not  exceed  The  epithelial  lining  of  the  tubule  is  normal 

in  aspect.  Hardened  in  alcohol.  .Stained  with  iron  alum 
haematoxylin.  x  850.  ^ 
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1  lio  enquiry,  which  has  sonic  bearing  upon  the  prophylaxis  of 
suppression,  presents  itself ;  is  it  necessary,  in  order  that  this 
plugging  may  occur,  that  the  flow  of  urine  should  be  diminished? 
Obviously  if  the  flow  were  very  rafiid  the  tendency  to  accumulation 
of  granular  material  in  the  tubules  would  be  diminished,  and  with  it 
also  the  tendency  to  Irlocking.  I  he  question  turns  largely  u|ion 
whether  the  granular  material  whiclr  is  present  becomes  denser 
through  the  absorption  of  water  by  the  epithelium  of  the  tubule.s.  If 
this  occurs  the  formation  of  dense  plugs  is  evidently  parti}- 
conditioned  by  the  relation  subsisting  between  the  rate  of  flow  of 
glomerular  fluid  on  the  one  hand  and  the  rate  of  rcnio\'al  of  water 
from  the  lumen  of  the  tubules  on  the  other  hand.  If  the  latter  is 
sufficiently  rapid  no  retardation  of  the  former  may  be  required  in 
order  that  plugging  ma)?  take  place. 

In  view  of  the  mechanical  blocking  of  the  kidneys  in  suppression 
of  urine  in  blackwater  fever,  it  is  astonishing  that  this  process  should 
still  be  attributed  to  a  purely  functional  disturbance,  a  nervous  reflex 
or  vasomotor  inhibition  of  secretion  of  urine,  a  view  which  is  no\N- 
chiefl}^  of  historical  interest.  By  A.  Plehn*  a  nervous  inhibition  of 
glomerular  secretion  is  regarded  as  the  primary  and  essential  factor 
in  this  condition. 

Another  point  of  interest  in  connection  with  suppression  of  urine 
m  blackwater  fever  is  the  enquir}'  whether,  when  once  suppression  has 
been  established,  the  plugs  ma}^  }’et  be  dislodged  and  the  flow  of  urine 
re-established.  As  a  matter  of  fact  such  cases  occur  :  four  cases  are 
referred  to  by  Werner,!  in  which  after  two  or  more  days  anuria  secre¬ 
tion  of  urine  was  re-established.  In  Cases  /a  and  ii  (pp.  [95  and  217) 
it  has  already  been  mentioned  that  dislodged  plugs  were  constantly 


'-V  Atiologic  und  I’athogenese  de.s  Schwarzwasserfiebers,  N'irch.  Arch.,  u/'J, 
Ii.  T74,  S.  509.  Oil  page  519:  “das  plotzliche  Stocken  der  t’rinsekrction  slelll 
aufangs  vielleicht  ebenfalks  einen  rein  functioneller  t'organg  dar,  und  es  folgt 
erst  sekundar  die  mechanisclie  t’erlegimg  dci  flarnk.aniilchen  durcli 
( 'oagulieren  der  k'.i wejssiiberladenen  l  Uissigkeil.'’  J.  de  Ilaan.  Die  nieren 
beim  .Schwarzwas.serfieber,  Arch.  f.  Schiffs-  und  'rropenhygiciie,  1905,  It.  9,  .S.  ->2. 
explain.s  snppres.sion  as  in  part  due  to  mechanical  obstruction  by  renal  plugs,  in 
part  due  to  low  glomerular  pre.ssure  in  consequence  of  which  the  pre.ssure  of  the 
urine  is  insufficient  to  drive  out  the  plugs  (pp.  jo-ji).  Our  observaiion.s  on 
experimental  haenioglobinuria  do  not  afford  any  evidence  of  the  occurrence  of 
clotting  in  the  tubiile.s;  on  the  contrary  the  con.stituents  of  the  blood  which  lead 
to  clotting  do  not  pa.ss  through  the  kidney,  haemoglobin  alone  being  elimin.ited. 

tl-.oc.  cit.,  p.  14. 
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present  in  the  scanty  urine  passed  during  the  period  of  suppression 
We  may,  therefore,  surmise  that  temporary,  and  it  may  be  also  partial, 
plugging  is  in  reality  a  not  unfrequent  occurrence  in  blackwater  fever 
and  produces  for  a  time  a  partial  or  even  complete  arrest  of  the  flow 
of  urine  from  a  few  or  from  the  majority  of  the  renal  tubules,  sucli 
obstruction  afterwards  passing  away,  the  plugs  Ijccoming  dislodged 
by  the  pressure  of  urine  behind.  This  condition  may  be  suspected 
whenever  the  granular  casts  found  in  the  urine  are  large  and  very  firm, 
It  is  well  known  that  the  amount  of  urine  passed  when  haenio- 
globinuria  makes  its  appearance  may  be  scanty.  This  is  illustrated 
by  the  following  cases,  coming  under  our  observation,  in  which  the 
quantity  of  urine  secreted  during  the  first  twenty-four  hours  of 
haemoglobinuria,  was  248  c.cm.  in  Case  2  ;  344  c.cm.  in  Case  3; 
170  c.cm.  in  Case  Ga  (next  day  85  c.cm.);  530  c.cm.  in  Case  10 ;  and 
800  c.cm.  m  Case  15.  So  marked  a  reduction  as  occurs  in  the  first 
four  cases  can  only  be  attributed  to  renal  blocking. 

The  fluid  passing  into  the  bladder  during  suppression  obviously 
consists  in  part  of  urine.  This  is  shown  by  tire  circumstance  that  the 
suppression  exhibits  in  different  cases  varying  degrees  of  incomplete¬ 
ness,  indicating  that  the  blocking  of  the  renal  passages  is 
correspondingly  incomplete,  as  is  further  illustrated  by  the  occasional 
re-establishment  of  the  flow  of  urine  after  suppression  of  several  days' 
duration.  It  does  not,  however,  follow  that  the  whole  of  the  fluid 
passing  into  the  bladder  during  suppression  is  urine.  The  coagulable 
proteid  contained  in  the  urine,  which  was  considerable  in  amount  in 
Cases  7a  and  1 1,  varying  from  1  column  to  f  column,  may  enter  the 
renal  passages  as  a  result  of  damage  to  the  renal  epithelium 
consequent  upon  plugging  of  the  collecting  tubules,  but  a  certain 
amount  probably  comes  also  from  portions  of  the  tubules  in  whicli 
plugs  carrying  renal  epithelium  (Figs.  27,  31  and  32)  have  become 
detached  and  have  been  discharged  into  the  renal  pelvis,  so  that  the 
basement  membrane  of  the  tubules  has  become  exposed.  In  sucli 
cases  the  lymph  contained  in  the  tissue  spaces  of  the  kidney  would 
drain  into  the  tubules  and  mix  with  the  urine.  Our  investigation, 
unfortunately,  came  to  an  end  just  as  the  study  of  this  problem  was 
commenced.  It  is  desirable  that  further  information  should  bf 
olitained  as  to  the  nature  of  the  proteids  present,  as  well  as  thf 
amount  of  urea  and  other  nitrogenous  substances  in  the  urine  clurin| 
suppression. 
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SUMMARY 

1.  Duling  cxpcriincnlal  hacinoglohinuria  dependent  upon  liacino- 
globinaeinia,  as  also  in  the  haemogloliinuria  of  blackwatcr  fever, 
granular  casts  of  varying  size,  sometimes  very  soft,  sometimes  firm 
and  dense,  often  containing  degenerated  nuclei  derived  from  the 
epithelium  of  the  renal  tubules,  were  met  with  in  the  urine  (Fi^s.  21- 
3  0- 

2.  Dining  suppression  in  blackwatcr  fever  (Cases  ya  and  1 1) 
the  urine  contained  very  large  firm  casts  with  exceedingly  coarse 
granules,  often  surrounded  externally  by  epithelium  derived  from  the 
ducts  of  Bertini,  in  which  these  casts  were  formed  (Fig.  32). 

3.  The  amber-coloured  urine  passed  during  suppression  contained 
a  laige  amount  of  coagulable  proteid.  The  average  daily  amount  of 
mine  passed  dm  mg  nine  days  of  suppression  was  in  one  case  (/a) 
28  c.cm.,  in  another  case  (ii)  66c.cm. 

4-  Suppiession  of  111  me  in  blackwatcr  fever  is  of  mechanical 
origin,  due  to  a  blocking  of  the  renal  tubules. 


V.  THE  MECHANISM  OF  PRODUCTION  OF  BLACKWATER,  | 

The  condition  of  the  unne  and  blood  plasma  in  respect  of  dissolved  i 
haemogdobin  in  blackwater  fever  has  been  studied  in  Section  3.  In 
the  same  section  also,  the’  relation  between  haemogdobinaemia  and 
haemoglobinui-ia  has  been  determined  experimentally  in  rabbits, 
while  the  condition  of  the  urine  and  of  the  kidiiej's  in  suppression  of 
urine  in  blackwater  fever  has  been  described  in  Section  4.  The 
problem  now  remaining  to  be  considered  iS"  whether  the  mechanism 
of  production  of  blackwater  is  identical  with  the  process  induced 
experimentally  in  rabbits.  Before  the  consideration  of  this  point 
can  be  entered  upon  it  will  be  necessary  to  make  fuithei  reference 
to  the  condition  of  the  haemoglobin  in  the  urine  in  blackwater  fever, 
and  in  particular  to  the  presence  of  red  cells  in  the  unne,  to  allude 
again  to  the  changes  undergone  b}^  haemoglobin  in  the  urine,  and  to 
describe  the  methods  adopted  for  the  estimation  in  urine  of  haemo' 
globin,  both  when  unchanged  and  when  altered  by  the  action  of  urine. 


Table  43.  Characters  of  the  urine  in  blackwater  fever,  in  respect  of  brown  coloration, 
unchanged  haemoglobin  in  solution,  and  red  blood  cells. 


No.  of 
Case 

Colour 

Haemoglobin  in 
solution 

1 

Porter  coloureil 

Present 

2 

Chocolate 

coloured 

Absent 

3 

Porter  coloured 

Present 

4 

Dark  red 

— 

5 

Claret  red 

Present 

6 

Porter  coloured 

— 

6a 

Brown 

Absent 

7 

Porter  coloured 

n 

7“ 

>5 

Present 

g 

n 

5J 

9 

n 

— 

10 

J5 

Present 

1  I 

n 

12 

Dark  red 

n 

13 

(Red) 

— 

14 

Porter  coloured 

Present 

14a 

n 

n 

15 

n 

n 

16 

n 

n 

'7 

jj 

1 

Estimation  of 

Red  blood  cells  haemoglobin 

(maximum  amount) 


Present  — 

„  i-4%(Ug.  lo) 


Present 

— 

0-8  % 

Absent 

%  .  , 

Absent  at  first,  appeared 

1-2  %  (Fig.  n) 

afterwards 

Present  *-) 


Absent  at  first,  appeared 

afterwards  i 

5) 

Absent 


2-6%  (Fig.  13) 

2-6  %  (Ug-  U) 
2-2%  (Fig.  13) 


Absent 

n 

n 

n 

Present 


3’o%  (Fig.  16 
1-8  %  (Fig.  1/ 
3-8  %  (Fig.  18 
0-8  %  (Fig.  19 

3.5%  (Fig.  20) 


In  I  able  43  llic  condition  of  the  urine  in  respect  of  haeinof^lobin 
is  given  ni  all  cxcejDl  three  (4,  y,  13)  of  the  cases  of  blackwatcr  fe\cr 
coming  under  our  observation.  It  will  be  .seen  (Column  3)  that  in 
thirteen  out  of  sixteen  cases  haemoglobin  was  pre.sent  in  solution, 
in  the  form  of  oxyhaemoglobin,  in  amounts  \ar\'ing  from  o' 2  |)cr  cent, 
to  3  8  per  cent.,  while  in  addition  a  further  amount  of  haemoglobin 
was  changed  into  the  brown  substance,  exhibiting  no  bands  in  the 
solar  spectnim,  already  referred  to  (p.  51),  w'hich  gives  rise  to  the 
porter-colour  of  the  urine.  The  total  amount  of  dissolved  haemo 
global  passing  into  the  urine  consists  of  these  tw^o  fractions,  which 
arc  determined  by  the  methods  gii^en  below.  Although  in  three  cases 
(2,  Oil,  /)  haemoglobin  111  solution  could  not  be  recognised  liy  spectro¬ 
scopic  e.xamination  of  the  brown  or  porter-coloured  urine  passed, 
nevertheless  dissolved  haemoglobin  was  in  all  probability  originally 
present,  but  had  been  broken  up  by  the  action  of  the  urine  (cp.  Table 
25-  P-  53);  m  Case  2  the  urine  was  retained  for  several  hours  before 
being  voided,  and  micro-organisms  were  present  in  tlie  bladder  (sec 
cluneal  notes,  p.  178);  m  Case  6a  the  percentage  of  haemoglobin  in 
the  urine  was  o'S  per  cent.  ;  and  m  Case  7  the  percentage  of  haemo¬ 
globin  present  was  also  very  small,  and  the  urine  had  .stood  for  some 
time  before  being  examined.  In  a  subsequent  attack  (7a)  the  last 
patient  passed  urine  containing  dissolved  haemoglobin. 

When  the  urinary  deposit  obtained  after  centrifugalisation  was 
examined  (Column  4,  Table  43),  red  blood  .cells  were  found  to  be 
present  m  ten  out  of  sixteen  attacks,  but  in  three  of  the.se  (7a,  10,  i  i) 
red  cells  were  at  first  absent  from  the  urine  and  made  their  appcarmicc 
subsequently  (clinical  notes,  pp.  195,  207  and  217).  As  a  rule  the  red 
cells  were  not  present  in  large  numbers.  They  were  in  fact  usually 
much  less  numerous  than  the  casts,  but  an  exception  occurred  in 
ase  2,  in  which  the)'  were  present  in  very  considerable  numbers  so 
as  to  form  at  the  bottom  of  the  urine  glass  a  brownish  red  deposit 
visible  to  the  naked  eye.  In  this  case  there  were  a  number  of 
decolourised  red  cells  and  also  red  cell  stromata.  The  red  cells  were 
sometimes  crenated,  but  beyond  this  and  the  partial  decolouration 
just  referred  to  they  did  not  present  any  other  abnormal  appearance. 

In  order  to  estimate  haemoglobin  in  urine,  I  he  following  three 
methods  were  employed  ;  the  first  two  being  employed  for  the 
estimation  of  unaltered  dissolved  haemoglobin,  and  the  third  for  the 
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cstiniaLiuu  (if  liotli  uuallcrci^l  hacmof^icjhiu  and  alsu  Inicmoglubini 
whicli  had  fieen  broken  up  by  the  action  of  the  urine. 

MeJhod  I.  The  urine  was  centrifugalised  and  the  supernalaiii| 
liquid  diluted  with  a  measured  volume  of  distilled  water  until  tliel 
percentage  of  haemoglobin  as  judged  by  the  naked  eye  was  aboiit| 
O’ 1 5  per  cent.*  The  diluted  urine  was  then  put  into  the  half  celln 
von  Fleischl’s  haemoglobinomcter.  If  the  dilution  was  found  unsuil 
able  a.  fresh  dilution  was  made  until  a  concentration  was  olitaiiidj 
which  could  be  ea.sily  matched.  The  haemoglolainometcr  scale  wasj 
previously  standardised  by  means  of  solutions  containing  knoivii| 
percentages  by  volume  of  healthy  human  red  cells  ;  this  having  bcci| 
done,  the  percentage  of  haemoglobin  in  the  diluted  urine  could  beal| 
once  determined  from  the  scale  numbers. 

In  many  cases  no  difficulty  was  found  in  making  a  dcterminai«| 
of  haemoglobin  by  this  method.  Difficulty  arose,  however,  when  tlit| 
haemoglobin  had  been  largely  converted  intrj  the  brown  substaiio| 
already  referred  to,  a  change  which  is  likely  to  occur  when  the  iiri« 
has  been  retained  in  the  bladder  for  a  long  time  before  being  passei 
or  after  being  voi(.led,  has  been  allowed  to  stand  for  some  tune  befoti 
examination.  This  change  is  of  course  relatively  more  marked  11 
urines  containing  small,  than  in  urines  containing  large,  percentagn 
of  haemoglobin.  Another  source  of  difficulty  in  matching  the  colon 
of  the  diluted  urine  with  that  of  the  lintecl  glass  of  the  haeraoglobnii: 
meter  occurs  when  dissolved  haemoglobin  is  discharged  in  5iiij!| 
amount  into  urine  which  is  itself  of  a  dark  brownish  amber  co!oiii| 
as  not  iinfrequently  happens  in  malarial  patients.  Matching  alt; 
becomes  clifRcult  when  the  urine  in  the  bladder  contains  bacteiia,)! 
occurred  in  Case  2,  the  turbidity  thus  caused  not  being  completel'* 
removable  by  centrifugalisation.  When  from  any  of  these  causes' 
becomes  impossible  to  employ  the  above  described  method  for  tk 
estimation  of  dissolved  haemoglobin,  recourse  may  be  had  to  d. 
next  method. 

Method  2.  The  urine  was  diluted,  if  necessary,  with  a  kiio«. 
volume  of  distilled  water  until,  in  a  column  one  to  two  centiinetifi 

=!=  This  rough  comparison  may  be  made  by  pulling  llie  cenlrifugalised  urine  inloiitq 
lube,  lining  anolher  le.sl-lube  with  a  0-15  per  ccnl.  solulion  of  haemoglobin  and  comp 
Ihe  Iwo,  Ihe  Ibtraer  being  rurlher  diluled  or  a  lesser  dilulion  prepared,  as  may  be  necess^ 
Wilh  a  Hllle  praclice,  however,  il  becomes  jrossible  lo  obtain  the  retiuired  dilution'" 
suflicient  upproximaLioii  by  ihe  naked  eye  without  comparison. 


high,  the  u.\yh;icnu>niol)ni  Ijands  lyiut,r  between  the  solar  lines  1)  and 
b  were  separate  and  of  suitable  depth  of  shade.  IJy  the  aid  of  a 
haeniocrit  a  .solution  of  haemoglobin,  containing  o-2  per  cent,  b)' 
volume  of  healthy  human  red  cells,  was  next  prepared.  A  glass  cell 
one  or  two  centimetres  high  was  then  fdled  with  this  solution,  while 
the  diluted  urine  was  placed  in  a  second  cell,  the  height  of  which 
could  be  varied.  The  haemoglobin  bands  of  the  second  cell  were 
then,  by  varying  the  height  of  the  column  employed,  made  to  match 
those  ol  the  first,  for  which  purpose  a  Zeiss  comparison  spectroscope 
was  employed. 

fi)'  this  method  it  is  possible  to  estimate  percentages  of  haemo¬ 
globin  in  cases  m  which  colouring  matter  is  present  in  the  urine  in 
amount  sufficent  to  render  haeinoglobinometer  determination  difficult 
or  impossible.  This  method  may,  of  course,  be  used  when  the 
pieceding  method  is  also  available.  The  results  obtained  by  the  two 
methods  correspond  closely.  The  first  method  is  more  rajhdly  carried 
out,  and  is,  therefore,  when  available,  preferable  to  the  second. 

Me/hod  3.  ^  I  he  estimation  w'as  made  by  boiling  the  solution  of 
haemoglobin,  fen  c.cm.  of  the  centrifugali.sed  urine,  which  did  not  as 
a  rule  require  filtering,  were  rendered  fairly  acid  with  acetic  acid, 
boiled  and  after  cooling  transferred  to  a  graduated  centrifugal  tube.' 
Centrifugahsation  was  continued  until  the  bulk  of  the  precipitate 
became  constant.  Its  volume  was  then  measured.  Previously  by 
means  of  the  haemocrit,  a  number  of  specimens  of  urine  (with  the 
addition  of  5  per  cent,  to  25  per  cent,  of  water)  were  iirepared 
containing  known  percentages,  by  volume,  of  healthy  red  blood  cells 
(in  the  mqist  condition),  which  were  subsequently  laked.  To  these 
solutions  an  equal  volume  of  urine  was  added,  and  the  solutions 
lendered  very  slightly  acid  with  acetic  acid  and  then  boiled.  The 
bulk  of  the  centrifugalised  precipitates  was  next  determined  as  above 
desejibed,  and  from  this  a  table  constructed,  which  permitted  the 
piecipitates  obtained  in  haemoglobinuria  to  be  c.xpressed  in 
i:ieicentagc  form.  As  this  method  depends  upon  the  precipitation 
of  globulin,  and  is  not  affected  to  any  considerable  extent  by  the 
change  undergone  by  haemoglobin  in  the  urine,  it  may  therefore  be 
eiiqiloyed  to  determine  with  fair  approximation  the  total  amount  of 
haemoglobin  originally  present  in  the  urine.  The  method  ’is, 
however,  only  approximate,  since  the  volume  of  the  precipitate  varies 


sonicwliat  with  different  specimens  of  urine,  and  is  also  aifeetod  by 
tlie  rate  of  centrifugalisation  emplo3-ed.  Table  44  gives  the  averagt) 
bulk  of  precipitate  ol4a,ined  with  varying  percentages  of  dissolvfo) 
luicinoglobin  in  slightly  diluted  urine.  By  graduating  the  centrifugai] 
tube  cmploj'ed  in  percentages  of  wet  red  cells,  instead  of  in  cubif| 
centimetres,  the  former  could  be  read  ofl  directly  and  all  calculatioii| 
avoided.  It  was  found  that  when  an  equivalent  amount  of  oxalalejj 
blood  jalasma  was  added  (the  red  cells  require  to  be  ?e]raratccl  fron| 
the  blood  plasma  for  convenience  in  hiking)  so  that  (di.s.solvcitj 
haemoglobin  and  blood  ]jlasma  were  present  in  their  natural  rehitkip, 
the  bulk  of  precipitate  obtained  was  increased  by  20  jier  cent,  to  ;ii 
lier  cent. 

'I'aiii.e  44-.  Hulk  iif  precipitate  obtained  on  boiling  to  c.cm.  of  sligbtly  acid  urine  cunlaininj 
varying  percentages  of  dissolved  haemoglobin. 


Hercenfage  of  haeniuglobin  contained  in  urine 
of  sp.  gr.  I '01 4  diluted  with  5  to  25 
of  water. 


Bulk  (after  ccntrlfugalisntlon)  of  precipitate 
obtained  upon  boiling  after  previous 
slight  acidilic.'ition  with  acetic  acid. 


4-0  ",i 


2-0  "o 
'•o”o 
°’5  '/'(i 
0-^5  '!<> 


3 -DO  c.cm. 
2-28  c.cm. 
I  -82  c.cm. 
I '36  c.cm. 
o’i)i  c.cm. 
O' 46  c.cm. 
0-23  c.cm. 
O'  1 1  c.cm. 
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-By  one  or  the  other  of  these  methods  the  percentage  a.ud  lot 
amounts  of  haemoglobin  given  in  Tables  43  and  45  were  deteriniiiflil 
In  ten  attacks  of  blackvvater  fever  the  total  amount  of  haei»‘ 
gdobin  passed  into  the  urine  w'as  estimated  (Table  45)  and  was  foi4 
to  be  represented  by  betw^ecn  about  r5  gm.  (Case  7)  and 
(Case  14)  of  w'Ct  red  cells.  In  the  cases  given  in  Table  45  it  will  1*1 
observed  that  there  is  a  general  correspondence  between  t!if| 
]iercentage  and  the  total  amount  of  haemoglobin,  the  higher  tkj 
lormer  the  higher  the  latter.  'hhis  relation,  in  the  light  of  llh 
cx'periments  made  upon  rabbits,  given  in  Table  35,  would  appear  I 
be  merely  a  coincidence.  It  w'dl  be  noted  that  in  the  tw'o  cases 
w'hich  su|.rpression  of  urine  occurred  (7a  and  11)  the  total  amountf^ 
haemoglobin  appearing  in  the  urine,  equivalent  to  g  g.  of  wet  is} 
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cells  in  Case  7a  and  22  g.  in  Case  1 1,  was  not  so  liigh  as  in  Cases  14 
and  17,  not  of  unusual  severity,  in  which  the  total  amounts  of  haemo¬ 
globin  were  equivalent  to  75  g,  and  32  g.  of  wet  red  cells  respectively. 


Tabi-f.  45.  Amount  of  haemoglobin  passing  into  the  tirinc  in  blackwater  fever. 


No.  of  Case. 

Haemoglobin  present  in  urine  during  attack,  expressed  in  terms 
of  equivalent  weight  of  wet  red  cells. 

■I  g- 

7 

'■5  g- 

7 

qg- 

TO 

s  g- 

1  1 

22  S’. 

u 

75  g- 

14  a 

20  g. 

K 

U)  g. 

16 

6-5  g- 

>7 

27  g. 

'the  presence  of  red  cells  in  the  urine  in  blackwater  fever  suggests 
the  inquiry  whether  the  haemoglobinuria  of  blackwater  fever  may  not 
be  really  dependent  upon  I'enal  haemorrhage.  In  the  earlier 
descriptions  of  cases  of  blackwater  fever  the  condition  of  the  urine 
was  often  described  by  using  the  term  haematuria,  the  condition  ol 
haemoglobinuria  not  having  at  that  time  become  differentiated  from 
that  of  haematuria.  Subsequent  -writers  recognised  that  the  condi¬ 
tion  present  in  blackwater  fever  wais  haemoglobinuria,  and,  so  far  as 
we  know,  no  recent  writer  has  described  haematuria  as  a  seciuence  of 
the  administration  of  quinine  in  malarial  subjects.  In  the  haemo¬ 
globinuria  produced  by  the  administration  of  potassium  chlorate  or 
other  poisonous  substances,  or  by  the  injection  of  a  haemolytic  serum 
(see  p.  128),  the  presence  of  red  blood  cells  in  the  urine,  in  addition 
to  dissolved  haemoglobin,  is  recorded,  but  in  our  experiments  on 
rabbits  this  did  not  occur.  The  possibility  of  blackwater  being 
])rimarily  due  to  renal  haemorrhage  was  impressed  u|3on  us  in 
particular  by  Case  2  (pp.  178  to  181),  in  which  the  red  cells  were  very 
numerous,  while  the  urine,  after  centrifiigalisation,  although  porter- 
eoloured,  did  not  exhibit  oxyhaemoglobin  bands  on  spectroscojiic 
e.xamination.  If  renal  haemorrhage  really  occurred  in  blackwater 
fever,  the  red  blood  cells  escaping  into  the  urinary  passages  would 
necessaril)'  become  laked  in  all  cases  in  which  the  specific  gravity  of 
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the  nnnc  was  roo4  or  less,  for  in  urine  of  or  below  this  specif 
^^ravily  laking  occurs  almost  immediately  when  red  cells  are  acldecl 
If  the  urine  is  of  the  specific  gravity  roof)  to  roo8,  laking  occurs  willi| 
more  or  less  slowness,  and  in  urine  whose  specific  gravity  is  roiosi 
upwards,  laking  does  not  occur  to  any  considerable  extent.  If  renaij 
haemoiThage  were  the  cause  of  the  haemoglobinuria  of  blackwalej 
fever  the  site  of  the  haemorrhage  would  necessarily  be  the  glomenil:' 
of  the  kidneys,  for  only  here  could  the  blood  leadily  find  its  way  inti, 
the  urine,  while  on  the  other  hand  marked  interstitial  haemorrhag!j 
would  be  ordinarily  readily  discoverable  post-mortem,  which  is  m| 
the  case.  Furthermore,  if  renal  haemorrhage  were  the  cause  oftlit| 
haemoglobinuria  of  blackwater  fever,  then  the  haemoglobinaemii 
observable  in  this  condition  w'ould  be  a  secondary  conseciuence  ofti 
renal  haemorrhage,  and  would  be  explicable  only  on  the  assumptioe 
that  some  of  the  dissolved  haemoglobin  was  taken  up  by  the  rcni^ 
epithelium  and  passed  on  into  the  blood  stream. 

On  the  other  hand,  the  experiments  made  upon  rabbits  (Table  35] 
in  which  the  effect  of  simple  haemoglobinacmia,  [iroduced  with  tlij 
animal’s  own  haemoglobin,  was  studied,  taken  in  conjunction  W14 
the  circumstance  that  haemoglobinaemia  is  present  during  lli^ 
haemoglobinuria  of  blackwater  fever,  suggests  very  strongly  that 
this  affection  the  primary  condition  is  haemoglobinaemia. 

It  remains  to  be  considered,  therefore,  how  far  these  tiij 
alternative  hypotheses,  namely,  primary  glomerular  haemorrhage  mi 
primary  haemoglobinaemia,  are  capable  of  accounting  for  4 
phenomena  of  blackwater  fever,  and,  if  possible,  to  decide  which 
the  two  is  concerned  in  giving  origin  to  blackwater. 

The  extent  to  which  the  theory  of  a  primary  haemoglobinaeni^ 
is  in  harmony  with  the  various  facts  already  ascertained  respectinj 
blackwater  fever  will  be  fiist  considered,  and  then  the  remain^ 
hypothesis  will  be  criticised  in  the  same  manner.  Owing  to  li^ 
importance  of  this  enquiry,  it  will  be  dealt  with  at  some  length. 

1.  From  the  experiments  made  on  rabbits  (Table  35)  h 
evident  that  a  primary  haemoglobinaemia  reaching  to  as  much 
o'g5  per  cent,  of  haemoglobin,  such  as  occurs  in  blackwater  fe'' 
would  be  attended  with  the  appearance  of  haemoglobin  in  the  iin«i 
Our  results  do  not  enable  us  to  say  how  large  the  maxinii^, 
percentage  of  haemoglobin  in  the  blood  plasma  in  blackwater  fc'l 


'43 


may  be.  It  is  probable,  judging  from  the  rapidity  witli  which 
haemoglobin  disappears  from  the  circulating  blood  in  the  rabbit,  that 
our  observations,  which  were  of  necessity  few  in  number,  represent 
less  than  the  maximum  percentage.  Nor  are  our  observations 
sufficiently  numerous  to  enable  us  to  state  the  duration  of  the 
haemoglobin,  but  the  observations  available  in  Table  33  and  I'igs.  13, 
18  and  20,  suggest  that  in  blackwater  fever  the  discharge  of 
haemoglobin  into  the  blood  plasma  is  a  slow  process,  and  the 
duration  of  the  haemoglobinaemia  is  therefore  much  longer  than  in 
the  experimental  haemoglobinaemia  of  Table  35.  The  amount  of 
haemoglobin  passing  into  solution  in  the  blood  plasma  cannot  be 
fletermined.  It  would  not  be  possible  to  make  even  an  approximate 
calculation  of  this  amount  in  blackwater  fever  until  the  curve 
representing  the  degree  of  haemoglobinuria  from  beginning  to  end  of 
the  blackwater  had  been  ascertained  and  the  rate  at  which 
disappearance  of  haemoglobin  from  the  living  body  took  place 
determined.  It  is,  however,  easily  possible  to  obtain  a  figure 
representing  the  minimum  amount  of  haemoglobin  passing  into  the 
blood  stream.  For  example,  in  an  individual  whose  blood  measured 
41500  c.cm.  and  contained  45  per  cent,  of  red  cells  and  55  per  cent,  of 
plasma,  if  the  blood  plasma  were  found  on  examination  during 
blackwater  fever  to  contain  as  much  haemoglobin  as  would  be  present 
in  I  per  cent,  of  its  volume  of  red  blood  cells  in  the  moi.st  condition, 
then  the  total  amount  of  haemoglobin  discharged  into  the  blood 
plasma  would  be  not  less  than  that  contained  in  2475  x  o'Oi  =  24‘75 
c.cm.  of  the  patient’s  red  cells,  or  45  c.cm.  of  his  blood  prior  to  the  on¬ 
set  of  haemoglobinaemia.  The  amount  actually  jiassing  into  solution 
in  his  blood  plasma  would  be  greater  than  this,  for,  on  the  one  hatul, 
a  single  observation  of  his  blood  plasma,  would  not  reveal  the 
maximum  percentage  of  haemoglobin,  and,  on  the  other  hand,  the 
whole  of  the  haemoglobin  would  not  be  discharged  into  the  blood 
plasma  in  the  course  of  a  few  minutes,  as  in  the  experiments  recorded 
in  Table  35.  Since  in  the  observations  recorded  in  Table  50  the 
duration  of  individual  attacks  of  haemoglobinuria  ranged  from  four 
hours  or  less  to  four  days,  the  amount  of  blond  destruction  would 
appear  to  represent  a  considerable  portion  of  the  total  amount  of 
blood  present,  and  would  be  sufficient  to  account  both  for  the  watery 
condition  of  the  blood  generally  observed  when  the  finger  is  pricked, 


and  also  for  the  marked  anaemia  which  usually  attends  blackwater 
fever. 

2.  The  hypothesis  of  a  primary  haemoglobinaemia*'  is  in 
harmony  with  another  characteristic  phenomenon  of  blackwater 
fever,  namely,  the  appearance  of  granular  casts  in  the  urine.  The 
experimental  work  on  rabbits  shows  that  haemoglobinaemia  is 
necessarily  attended  with  the  formation  of  these  casts.  The  exact 
mode  in  which  the  granular  material  is  formed  remains  in  both  cases 
undetermined.  The  experiments  made  by  different  obseiwers  as  to 
the  site  of  elimination  of  haemoglobin  are  still  regarded  as 
indecisive.!  It  is  uncertain  whether  dissolved  haemoglobin  isi 
eliminated  by  the  glomerular  or  the  tubular  epithelium:  in  the  former' 
case  the  granules,  which  contain  iron  and  are  evidently  derived  from 
haemoglobin,  would  be  deposited  or  precipitated  in  the  urine  in  the 
tubules  and  would  increase  in  number,  perhaps  also  in  size,  as  the 
renal  pelvis  was  approached  ;  in  the  second  case  the  granules  would 
presmnably  be  formed  in  the  renal  epithelium  and  would  then  be- 
discharged  into  the  renal  tubules,  without  any  subsequent  increase  uj 
size,  though  they  would  become  more  closely  packed  if  water  were| 
removed  from  the  lumen  of  the  tubules  by  the  action  of  the  renal] 
epithelium.  Our  observations  on  Cases  /a,  ii  and  i6  (Figs.  33-4J. 
and  53-58)  do  not  enable  us  to  assert  that  any  increase  in  the  sizeo(| 
the  granules  takes  place  as  the  collecting  tubules  are  approached.  I»| 
the  latter,  coarse  masses  of  stainable  material  were  encountered  more| 
often  than  definite  granules.  Possibly  some  change  in  the  solid] 
material  contained  within  the  tubules  occurred  during  the  tinie| 
elapsing  between  the  cessation  of  haemoglobinuria  and  death,  hi 
the  kidney  of  the  rabbit,  in  experimental  haemoglobinuria| 
(Figs.  45-51  and  59-60),  no  unmistakable  increase  in  size  of  tlif| 
granules  could  be  recognised  as  the  collecting  tubes  were  approached| 
but  only  a  more  dense  packing  of  the  granules  was  observable! 
Several  authors  have,  however,  described  an  increase  in  size  of  tli(, 

*  By  this  it  is  not  meant  to  imply  that  laking  necessarily  occurs  in  the  l>enpl»i 
circulating  blood.  What  is  meant  is  a  haemoglobinaemia  not  secondary  to  reM| 
haemorrhage. 

t  Ponfick,  Experimentelle  Beitrage  zur  Lehre  von  der  Transfusion,  Virch.  Aich.,  iM 
B.  62,  S.  273  (c]5.  Plate),  concluded  that  dissolved  haemoglolrin  was  eliminated  by  ‘“'"‘I 
glomeruli  and  red  cell  fragments  by  the  epithelium  of  the  renal  tubules.  March.ard.i 
Kenutniss  der  feineren  Veranderungen  der  Nieren  bei  Hamoglobinausscheidung,  I 
Arch.,  1883.  B.  91,  S.  267,  who  describes  a  diapedesis  of  red  cells,  also  adopts  tins  view. 
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granules  towards  llie  distal  tubules,  both  in  blackwater  fever  and  in 
haernoglobinuria  due  to  potassium  chloi'aLc  and  other  haemolylic 
agents.  In  these  cases  it  may  be  questioned  if  the  small  and  large 
granules  in  the  proximal  and  distal  portions  of  the  renal  tubules 
respectively  are  of  contemporary  origin.  If  the  earlier  granules, 
which  as  secretion  of  urine  proceeds  pass  along  the  uriniferous 
tubules  towards  the  collecting  tubules,  are  large,  and  those  formed 
later,  when  haernoglobinuria  is  passing  off,  are  small,  then  the  latter, 
by  remaining  in  the  upper  portions  of  the  tubules,  might  suggest  an 
apparent  increase  in  size  of  the  granules  as  they  descended  towards 
the  renal  pelvis. 

The  presence  of  epithelial  nuclei  in  the  granular  casts  contained 
in  the  renal  tubules,  and  later  voided  in  the  urine,  supports  the 
hypothesis  that  haemoglobin  is  eliminated  by  the  tubular  epithelium, 
which  would  appear  sometimes  to  suffer  a  certain  amount  of 
degeneration  in  the  process. 

In  Case  ya  (Figs.  29  and  32)  the  individual  granules  were  of 
exceptionally  large  size.  Granules  nearly  as  large,  but  much  less 
densely  packed  together,  were  sometimes  met  with  in  rabbits  during 
experimental  haeinoglobinuria  (Figs.  22  and  33).  Obviously  sup¬ 
pression  would  be  most  likely  to  occur  when  the  granules  were  of 
large  size  and  numerous,  especially  if  at  the  same  time  the  amount 
of  water  in  the  urine  were  diminished  in  amount  as  this  fluid  passed 
along  the  uriniferous  tubules. 

3.  The  occurrence  of  a  primary  haemoglobinaemia  would  equally 
well  account  for  the  relapses  occurring  in  blackwater  fever  as  for  the 
original  attack  (cp.  Case  10,  Table  50).  In  reference  to  this,  it  may 
be  observed  that  the  relapses  of  short  duration,  such  as  occurred  in 
Case  10,  are  paralleled  by  the  haeinoglobinurias  of  short  duration 
induced  experimentally  (cp.  E.xp.  10,  1  able  35,  fig.  9.) 

4.  On  the  other  hand  the  presence  of  red  blood  cells  in  the  urine 
m  blackwater  fever  does  not  stand  in  any  direct  relation  to  haeino- 
globinaemia.  Putting  aside  Case  2,  which  will  be  referred  to 
separately  later,  the  appearance  of  red  cells  appears  to  be  due  to  the 
separation  from  the  basement  membrane  of  the  epithelial  cells  of  the 
uriniferous  tubules  which  is  observable  in  cases  of  suppression  and 
which  is  indicated  by  the  presence  of  epithelial  casts  in  the  urine  in 
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iiuii-latal  ca.,scs  of  blackwater  IVvcr.  When  granular  rasi  ,  na 
dclaclieil  willi  scparalion  of  epil hcluiiii  32)  the  possibility  n(  n 

few  red  cells  passing  from  the  blood  capillaries  adjacent  to  the 
exposed  basement  membrane  is  always  present  ami  jircsiiinaljly 
accounts  for  iheir  occasional  presence  in  small  numbers  in  blackwater 
fever. 

3.  In  the  exiicriments  on  rabliits  recorded  in  fable  35  it  was 
observed  that  the  blood  jilasma  after  haemoglobinaemia  and  haeniO’ 
globinuria  had  passed  off,  was  darker  in  colour  than  before 
experiment,  though  not  so  dark  as  in  lilackwater  fever.  Nevertheless 
j'cllowncss  of  the  sclerotics  was  not  observed  in  cx]icriiiiciilal 
haemoglobinuria  m  ralibits.  It  would  appear,  however,  that  llic 
orange  or  brownish  amber-colour  ol  the  blood  plasma  was  in  bnlli 
cases  of  similar  origin,  namely,  due  to  the  destruction  of  haemoglobin 
with  the  production  of  a  brownish  substance,  wliich  remains  in 
solution,  |ust  as  occurs  when  haemoglobin  is  firoken  up  in  a  test  lube 
miller  the  action  of  hydrochloric  acid  or  of  (piinine  biliydrochlimde, 

6.  The  h3'pothesis  of  a  primary  haemoglobinaemia  implies  11 
preceding  hiking  of  red  blood  cells.  .So  iar,  however,  the  site  in 
whn  h  this  hiking  may  occur  has  not  been  determined  (cp.  pp  15U 
to  n  11 1). 

7.  Haemoglobinaemia  is,  as  sueh,  unattended  by  pyrexia  .iiul 
general  constitutional  disturbance.  The  source  of  these  must  llim 
fore  be  sought  in  the  cause  of  the  haemoglobinaemia. 

'fuming  now  to  the  consideration  of  the  other  hyiiolhesis,  ihatn! 
a  primary  renal  haemorrhage  the  following  points  reejuire  to  be  taken 
into  consideration. 

I.  y\t  the  onset  we  arc  met  with  a  serious  difliculty.  II  Hif 
haemoglobinuria  of  blackwater  fever  were  clue  to  gloiuerulat 
haemorrhage,  the  blood  escaping  being  usually,  we  will  suppose,  lakdl 
at  once  owing  to  the  low  specific  gravity  of  the  urine  leaving  tl)H 
glomeruli,  then  to  account  for  this  haemoglobinaemia  we  must  assiiiiif 
that  the  dissolved  haemoglobin  so  formed  in  the  glomerular  cavil)' 
is  subse([uenlly  in  part  afisorbed  by  the  epithelium  of  the  urimfcroii'l 
tubules  and  then  finds  its  way  into  the  blood  plasma.  In  such  a  cast' 
the  amount  of  dissolved  haemoglobin  passing  into  the  blood  |)lasnw] 
would  sometimes  be  greater  than  that  passing  into  the  urine,  fui'Kl 
Case  7a  (p.  IQ5),  for  cxamjile,  the  blood  plasma  which  cuiilaiiicill 
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(i7|  cent.  ()1  (llssdlvcd  li.ii‘iii(i;^dul)iii  wi.mld  iiinri’ 

prubalily  cunsidi-n-aljly  iiiurr  than  ii  |f.  of  haeiuoj^lol)in,'  wliilo  llic 
urine  conlained  about  y  of  liaeiuoglobiii.  It  is  diffieull  lo  assume 
dial  in  surli  rases  so  larj^e  an  absor|)lKjn  of  dissolved  liaeuio^loliin 
by  the  renal  epillielium  could  take  place,  when  it  is  borne  in  mind 
that  in  experimental  luiemo^lobmaemia  (bable  35,  h'i^es.  J  to  y)  the 
stream  of  haemoj^dobin  is  strongly  in  the  opposite  direction,  even 
when  the  percentage  of  dissolved  haemoglobin  is  considerable  in  the 
lumen  of  the  uriniferous  tuljules  and  is  relatively  slight  in  the  blood 
plasma,  as  in  ILxp.  10,  Table  35  (h'ig.  y).  This  difficulty  appears  to 
be  an  insuperable  one.  It  must,  moreover,  lie  remembered  that  if 
haemogloliinaemia  were  established  as  a  result  of  glomerular 
haemorrhage  an  adilitional  production  of  luiemogiobinuria  would 
thereby  result,  as  in  cx[ierimental  haemoglobinaemia,  so  that  in 
such  a  case  the  eliminat inn  ol  dissolved  haemoglobin  by  the  kidiic)’ 
would  be  a  double  process. 

2.  The  production  of  granular  casts  uiirler  this  ly'pothesis  would 
bill  into  the  lirsl  ol  the  two  [lossible  iiu'thods  relerred  to  on  p.  l.p), 
that  is  to  say  that  we  may  assume  that  the  granules  would  be 
|irecipitated  as  tbe  urine  containing  dissolved  haemoglobin  passed 
along  the  uriniferous  tubules.  Another  ex|)lanat  1011  might,  however, 
be  ollercd,  namely  that  the  red  blood  cells  esca[)ing  from  the 
glomeriih  were  im|)erfecl ly  lakcd  tiiid  that  the  granules  ri'presenled 
red  cell  tlebris  still  remaining.  This  jjoint  is  scarcely  worthy  of 
serious  consideration.  It  may  be  olcserved  that  the  gr.inules  seen 
111  the  urinary  deposit  (h'ig.  3.’)  and  in  the  sections  of  the  kiiiney 
(*' 33^^b  and  53'4)  Tase  ya,  and  also  sometimes  in  the  urinary 
deposit  in  exjjerimenlal  haemoglobinaemia  (h'igs.  22,  J3)  re.icb  as 
much  as  5/^  in  diameter  and  then  present  a  considerable  resemblance 
to  red  blood  cells.  riiey  diller  from  the  latter  in  their  darker  colour 
and  smaller  size  aiul  the  absence  of  the  typical  form  of  red  cells, 
though  the  latter  might  [lerhaps  be  attributed  lo  the  circunisl anci' 
that  ihese  granules  are  densc'ly  packi'd  together.  Nex'ertheless  we 
think  the  last  two  points  and  the  bud  that  every  transition  occurs 
between  Ibe  granules  seen  in  h'ig.  32  and  the  smallest  granules  .seen 
in  I’igs.  2()  and  31,  negative  the  view  that  the  granules  in  h'ig.  3J 


’*■  ll  is  assumeil  that  llie  patit-iit's  lilouil  plasma  measured  1500  c.c.  ' 
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represent  altered  red  cells.  Another  difficulty  arises  when  the 
attempt  is  made  to  explain  suppression  of  urine  on  the  hypothesis  of 
glomerular  haemorrhcige.  Here  it  becomes  necessary  to  assume 
that  the  glomerular  haemorrhage  is  general  throughout  the  kidney, 
for  otherwise  a  certain  number  of  uriniferous  tubules  would  remain 
to  carry  on  the  work  of  the  kidney.  It  is  easy  to  imagine  that 
malarial  parasites  may  be  present  in  the  glomeruli  and  damage  the 
capillary  wall  thus  leading  to  haemorrhage,  but  the  necessity  of  sup¬ 
posing  that  this  is  general  throughout  the  glomeruli  of  both  kidneys 
and  does  not  occur  elsewhere  in  the  blood  vessels  of  the  kidneys  (for 
as  IS  pointed  out  below,  interstitial  haemorrhage  is  not  met  with) 
seems  to  be  a  fatal  objection  to  the  hypothesis  in  question.  It  may 
be  observed  in  passing  that  a  high  percentage,  namely  ri  per  cent 
to  27  per  cent,  of  haemoglobin  in  the  urine  was  observed  in  Cases  /a 
and  II  in  which  suppression  occurred,  but  examination  of  the  urine 
voided  at  intervals  of  several  hours  does  not  afford  a  comprehensive 
idea  of  what  is  taking  place  111  the  kidney.  This  will  be  made  clear 
at  once  if  the  varying  amounts  of  urine  collected  from  the  bladder  at 
short  intervals  in  Rabbit  10,  Table  35  (Fig.  9,  p.  84),  are  considered. 
It  is  obvious  that  only  when  the  urine  is  collected  continuously,  and 
its  haemoglobin  content  determined  at  short  intervals,  can  a  clear 
idea  of  the  limits  of  the  variation  of  the  rate  of  elimination  of  haemo¬ 
globin  be  obtained. 

3.  As  far  as  the  occurrence  of  relapses  is  concerned  the 
hypothesis  of  a  glomerular  haemorrhage  being  the  source  ol  the 
haemoglobiniiria  of  blackwater  fever  must  be  equally  applicable  to  the 
relapses  and  the  original  attack.  This  hypothesis  if  applicable  to  the 
original  attack  should  be  sufficient  to  explain  also  relapses  of  slight 
extent,  such  as  those  seen  in  Case  10  (Table  50). 

4.  The  appearance  of  red  blood  cells  in  the  urine  would  be 

expected  as  an  occasional,  if  not  a  frequent,  event  in  glomerular 
haemorrhage.  It  might  be  exjiected  that  partially  decolourised  red 
cells  and  red  cell  stromata  would  be  often  met  with,  and  that  red 
cells  which  were  perfectly  healthy  in  aspect  would  be  unusual,  b 
most  of  the  cases  (Table  43)  in  which  red  cells  were  found  in  the 
urine  in  blackwater  fever,  the  majority  of  these  cells  were  normal  m 
aspect.  » 
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5-  (Glomerular  haemorrhage  would  account  for  the  anaemia, 
sallowness,  and  watery  condition  of  the  blood  observed  in  blackwater 
fever. 

6.  Considerable  difficulty  is,  however,  experienced  when  an 
attempt  is  made  to  reconcile  the  theory  of  glomerular  haemorrhage 
with  the  pathological  conditions  observed  in  the  kidney  after  death. 
Lesions  in  the  glomeruli  would  be  expected,  and  occasionally 
haemorrhage  into  the  glomerular  cavities  extending  along  the  urin- 
iferous  tubules,  while  sometimes  blood  would  find  its  way  in 
considerable  quantities  into  the  urine.  Moreover,  if  we  suppose  the 
haemorrhage  to  be  due  to  malarial  parasites  in  the  blood  capillaries, 
these  parasites  would  scarcely  be  likely  to  be  confined  to  the 
glomeruli,  but  would  be  present  in  the  blood  vessels  of  the  kidneys 
elsewhere  and  would  cause  interstitial  as  well  as  glomerular 
haemorrhage.  Now  the  kidneys  have  been  so  far  free  from  these 
pathological  conditions.  In  fact  the  changes  in  the  kidneys  are 
exceedingly  slight  and  are  practically  confined  to  the  presence  of 
granular  material  in  the  tubules.  Other  changes,  such  as  degenera¬ 
tion  of  the  renal  epithelium  are  inconstant,  and  when  present  should 
be  regarded  as  complications  of  blackwater  fever  or  of  malaria,  and 
not  as  essential  factors  in  the  production  of  haemoglobinuria.  It  may 
be  remarked  that  superficial  haemorrhages  were  found  beneath  the 
capsule  of  the  kidney  and  in  the  mucuous  membrane  of  the  renal 
pelvis  of  Case  /a,  but  these  were  evidently  of  very  recent  date  and 
must  have  occurred  after  the  disappearance  of  the  haemoglobinuria. 
This  case  cannot  therefore  be  regarded  as  in  any  way  supporting  the 
hypothesis  of  glomerular  haemorrhage.  Case  2  (p.  178)  which  appears 
at  first  sight  to  give  some  support  to  this  hypothesis  also  fails  to  do  so, 
when  examined  more  critically.  As  already  mentioned  red  blood  cells 
were  present  in  the  urine  in  considerable  numbers  in  this  case,  so  as 
to  form,  on  standing,  a  layer  visible  to  the  naked  eye.  It  was  found, 
however,  that  the  red  cells  were  accompanied  by  a  number 
of  pus  cells,  there  being  one  pus  cell  to  about  eight  red  cells, 
while  the  urine,  which  was  neutral  in  reaction  to  litmus  paper  also 
contained  bacilli  when  voided.  When  haemoglobin  had  disappeared 
from  the  urine  it  was  found  that  pus  cells  and  bacilli  still  remained, 
and  the  previous  history  left  no  doubt  that  both  had  been  present 
before  the  attack  of  blackwater  fever.  It  is  clear,  therefore,  that  in 
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this  case  it  could  not  be  asserted  that  the  red  blood  cells  came  from 
the  kidneys,  but  it  is  more  probable,  since  cystitis  was  present,  that 
the  red  cells  came  from  the  situation  in  which  pus  cells  were  being 
discharged.  The  difliculty  of  reconciling  the  hypothesis  of  glomerular 
haemorrhage  with  the  pathological  findings  is  so  great  that  from  this 
standpoint  alone  this  hypothesis  must  be  disregarded. 

7.  As  regards  pyrexia  and  associated  constitutional  disturbance 
both  hypotheses  stand  on  the  same  level.  The  symptom  of  haemo- 
globinuria,  whichever  hypothesis  is  adopted  to  explain  its  causation, 
does  not  in  itself  necessarily  imply  accompanying  constitutional 
disturbance. 

The  conclusion  which  follows  from  the  above  discussion  is  that 
the  hypothesis  of  haemoglobinuria  in  blackwater  fever  being  due  to 
primary  glomerular  haemorrhage  is  untenable  ;  because  this  theory 
( t)  would  not  account  for  the  haemoglobinaemia  which  accompanies 
blackwater,  (2)  nor  would  it  furnish  a  satisfactory  explanation  of  the 
mechanism  of  suppression  of  urine,  while  (3)  it  is  out  of  harmony  with 
the  pathological  findings  in  cases  of  blackwater  fever  in  which  rleatli 
has  occurred  on  the  day  of  appearance  of  haemoglobinuria.  On  the 
other  hand  the  hypothesis  of  a  primary  haemoglobinaemia  furnishes 
a  satisfactory  explanation  not  only  of  the  pathological  findings,  but 
also  of  the  main  symptoms  of  blackwater  fever,  namely  the  appearance 
of  haemoglobinuria  and  of  granular  casts  in  the  urine,  which  the 
experiments  on  rabbits,  recorded  in  Table  35,  prove  to  be  a  necessary 
consequence  of  haemoglobinaemia  in  such  degrees  as  were  observed 
in  blackwater  fever  cases  (Table  34,  p.  75).  In  the  light  of  all  these 
facts  it  may,  therefore,  be  confidently  asserted  that  the  haemoglobin- 
uria  of  blackwater  fever  is  dependent  primarily  upon  haemoglobin- 
aemia  and  is  not  due  to  renal  haemorrhage.  The  site  of  the  laking 
of  red  cells,  causing  haemoglobinaemia,  remains  to  be  ascertained 
The  mechanism  of  the  rise  of  temperature  and  accompanying 
symptoms  is  also  left  une.xplained.  The  former  problem  will  now  be 
considered;  the  latter  is  not  capable  of  elucidation  in  the  present 
state  of  our  knowledge. 

Concerning  the  site  in  whicli  laking  takes  place,  there  are  a  limited 
number  of  data  available.  .Such  laking  may  occur  in  the  blood  in  the 
peripheral  circulation  or  in  internal  organs. 
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Now  it  is  well  known  that  malarial  parasites  may  be  found  in  red 
blood  cells  before  the  onset  of,  and  during-,  blackwater,  and  it  is 
stated  by  Stephens*  that,  either  on  the  first  day  of  blackwater  or  on 


'rABi.E  46.  Examinstiun  nf  litioj  film,  in  cases  nf  lilaclcwatcr  fever.  I.eisliman's  stain. 


Case 

Time 

Mal.'jrial  parasites 

Pigmented  leucocytes 

I 

and  dav 

None  found 

None  found 

3rd  dav 

M 

yy 

4th  dav 

7ch  day 

u 

15th  dav 

2 

1st  dav 

•> 

2nd  dav  at  9.0  a.m. 

2nd  dav  at  2. 1 5  p.m. 

3rd  day  at  2.30  p.m. 

yy 

3 

5ch  dav  at  3.30  p.m. 

\'ery  scantv 

6tli  dav  at  6.0  p.m. 

None  found 

6th  dav  at  lo.o  p.m. 

,, 

7th  tlav  at  1 1.45  p.m. 

51 

Very  scanty 

8rh  day  at  lo.o  a.m. 

None  found 

15th  day 

,, 

4 

:;th  day  at  lo.o  a.m. 

6th  day 

- 

,, 

1 6th  day  at  9.30  a.m. 

5th  dav  at  i.o  p.m. 

„ 

n 

6th  dav  at  lo.o  a.m. 

6 

3rd  day  at  4.0  p.m. 

yy 

6a 

3rd  day  at  4.30  p.m. 

5) 

yy 

7 

4th  dav  at  12.30  p.m. 

— 

— 

7th  day 

None  found 

None  found 

7a 

1st  dav  at  lo.o  a.m. 

yy 

8 

;th  day  at  1.45  p.m. 

n 

Very  scanty 

6th  day  at  lo.o  a.m. 

yy 

None  found 

9 

8th  dav  at  lo.o  a.m. 

„ 

4, 

10 

2nd  day  at  i i.o  a.m. 

•5 

yy 

3rd  day  at  10.30  a.m. 

n 

yy 

J) 

5th  day  at  1 1.0  a.m. 

j} 

yy 

6th  dav  at  ii.o  p.m. 

yy 

yy 

I  I 

3rd  day  at  7.0  p.m. 

yy 

yy 

4th  day  at  lo.o  a.m. 

yy 

)) 

7th  day  at  10.30  a.m. 

yy 

12 

.  2nd  day  at  4.30  p.m. 

yy 

» 

3rd  day  at  10.30  a.m. 

)> 

yy 

n 

— 

— 

— 

14 

4th  day  at  5.30  p.m. 

None  found 

None  found 

5th  day  at  10.45 

yy 

yy 

14a 

3rd  day  at  12.30  p.m. 

yy 

'5 

1st  day  at  9.30  p.m. 

yy 

yy 

2nd  day  at  10. 0  p.m. 

yy 

yy 

16 

3rd  dav  at  10. 0  a.m. 

yy 

■7 

ist  day  at  1 1.30  p.m. 

yy 

yy 

2nd  dav  at  9.0  a.m. 

„ 

2nd  day  at  3.15  p.m. 

)) 

3rd  day  at  10.30  a.m. 

;) 

4th  day  at  1 1.45  a.m. 

System  of  Medicine,  Clifford  AllbuU  and  Rolleston,  article  Blackwater  fever, 
London,  1907,  vol.  ir,  pt.  2,  p.  293. 
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the  clay  preceding  the  attack,  malarial  parasites  have  been  shown 
to  be  present  in  tlie  majority  of  cases,  that  is  in  62  per  cent,  to  96  pet 
cent,  of  the  attacks  investigated,  but  it  is  also  well  known  that  tlip 
actual  jicrcentagc  of  red  cells,  which  can  be  observed  to  be  affected, 
is  frec]uenlly  very  small.  If,  however,  the  haemoglobinaemia  met 
with  in  blackwater  fever  were  due  to  the  haemolysis  of  red  cells 
affected  with  malarial  parasites,  present  in  the  peripheral  blood,  then 
the  affected  red  cells  would  be  in  such  numbers  as  to  be  easily 
recognised.  For  example,  a  condition  of  haemoglobinaemia  in  whidi 
the  blood  plasma  contained  i  per  cent,  of  dissolved  haemoglobin  (cp. 
Obs.  ^8,  Table  34,  for  example)  would  necessitate  a  minimum  affection 
of  one  red  cell  in  every  hundred,  while  if  this  degree  of  haemoglobir: 
aemia  were  prolonged  for  several  hours  the  proportion  of  red  cdli 
affected  would  be  considerably  greater.  In  the  cases  of  blackwatei 
fe\'er  coming  under  our  observation  (Table  46)  parasites*  were  found 
in  the  jieripheral  blood  on  the  day  before  the  appearance  of  blad, 
water  in  one  or  two  cases  ;  on  the  first  day  of  blackwater  in  not 
one  out  of  nineteen  observations  (ten  attacks) ;  and  in  no  observation! 
made  during  blackwater  fever  at  a  later  date.  Observations  of  thisi 
kind  are,  however,  inconclusive  (and  the  same  objection  applies  tcl 
spleen  smears  about  to  be  described),  for  the  condition  observed] 
cannot  safely  be  assumed  to  represent  that  present  at  the  onset  of  thei 
attack.  What  is  required,  in  investigating  the  situation  in  whicli] 
laking  may  occur,  is  a  quantitative  examination  of  the  distribution  ol^ 
malarial  parasites  in  the  red  cells  made  just  before  haemoglobin 
aemia  commences.  In  those  attacks  in  which  haemoglobinuria  is  tli(| 
direct  sequence  of  a  single  dose  of  quinine  the  time  at  which  haemoi 
globinaemia  commences  can  be  determined.  It  is,  however,  onlyiii| 
exceptional  cases  that  observations  are  likely  to  be  made  al  tbis( 
time,  since  in  the  majority  of  attacks  the  first  indication  of  blackwateij 
fever  is  the  condition  of  the  urine.  It  follows,  therefore,  that  tlif| 
data  necessary  to  determine  the  relation  of  blackwater  fever  to| 
malarial  parasites  contained  in  the  peripheral  blood  will  be  obtaineii] 
with  considerable  slowness.  Until  these  data  are  obtained  it  "'ill 
not  be  possible  to  make  any  definite  statement  as  to  the  dependencf| 
of  blackwater  upon  haemolysis,  in  the  peripheral  blood,  of  red  cell 


'1‘  .“Vljout  five  thousand  red  cells  were  examined  in  each  film. 


containing  malarial  parasites.  On  one  occasion  (Case  2,  Table  46) 
it  happened  that  an  examination  of  the  blood  was  made  within  two 
hours  of  the  establishment  of  haemoglobinuria  and  one  hour  before 
the  administration  of  quinine.  In  this  case  no  parasites  could  be 
recognised  after  careful  search.  It  can  be  asserted,  therefore,  that  in 
this  case  haemoglobinuria  was  not  dependent  upon  the  haemolysis, 
in  the  peripheral  blood,  of  red  cells  containing  malarial  parasites. 
It  is  not,  however,  permissible  to  draw  a  general  conclusion,  applicable 
to  all  cases  of  blackwater  fever,  from  this  single  instance.  In  passing 
it  may  be  observed  that  the  assumption,  which  is  fre(|uenlly  encoun¬ 
tered  in  the  literature  of  blackwater  fever,  that  considerable  (that  is 
to  say,  up  to  20  per  cent,  or  more)  destruction  of  red  cells  occurs  in 
the  peripheral  blood  during  an  attack  of  blackwater  fever,  an 
assumption  based  upon  red  cell  counts  per  cubic  millimetre  made 
before  and  after  the  attack,  has  not  yet  been  established,  because 
the  total  volume  of  the  blood  has  not  been  determined  in  these  cases 
and  the  influence  of  any  accompanying  variation  in  the  volume  of 
blood  plasma  thereby  determined,  nor  has  the  high  degree  of  haemo- 
globinaemia  which  would  be  expected  to  result  from  such  extensive 
red  cell  destruction  been  met  with  in  our  observations.  It  may  be 
added  that  in  the  blood  films  referred  to  in  Table  46,  made  during 
and  immediately  before  haemoglobinuria,  the  red  cells  were  natural 
in  aspect,  no  partially  decolourised  cells  or  stromata  being  seen. 

If,  instead  of  the  peripheral  blood,  the  blood  in  internal  organs  is 
considered,  data  of  two  kinds  are  available,  the  one  relating  to  the 
enlargement  of  the  spleen  in  blackwater  fever,  the  other  relating  to 
the  presence  of  malarial  pigment  or,  less  frequently,  malarial  parasites 
in  the  blood  vessels  of  internal  organs.  Splenic  enlargement  is  a 
common  feature  in  attacks  of  blackwater  fever.  In  the  twenty  attacks 
coming  under  our  notice  the  condition  of  the  spleen  is  given  in  Table 
47.  riiis  organ  was  found  not  to  lie  ap|ireciably  enlarged  in  one 
case  (7)  in  which  the  attack  of  blackwater  fever  was  slight,  though 
two-  months  later  its  lower  border  projected  one  and  a  quarter  inches 
below  the  costal  margin  ;  in  four  attacks  the  condition  of  the  spleen 
was  not  recorded  (6a,  13,  14a,  15),  but  in  two  of  these  cases  it  was 
observed  to  be  enlarged  two  months  earlier  (6a,  14a);  in  the 
remaining  fifteen  attacks  the  spleen  was  enlarged,  slightly  in  four 
attacks  and  markcfllv,  that  is  to  say  projecting  one  to  four  inches 


beknv  the  costal  margin,  in  the  remaining  eleven  attacks.  Tile  illin.^, 
was  severe  m  those  attacks  in  wliich  the  enlargement  ol  the  s|i|eeii 
wa.s  greatest  ;  in  those  in  which  the  enlargement  was  slight  ur  n,,, 
appreciable  (;,  12,  i-|,  16,  17)  the  attack  may  be  described  as  mild 
except  in  dase  i()  (p.  235),  in  winch  death  occurred  seven  days  aftci 
the  haemoglobinnria  had  ceased. 


'r.Ain.K  47.  Coiullrion  of  spleen  in  bhu'kwater  fever. 


Case 


Spleen 


I 


3 

■I 

(i 

fill 

7 

7a 

S 


‘j 

10 

1 1 

12 

13 

14 

14a 

>5 

16 

>7 


f.nwer  hnriler  projects  in.  below  costal  margin. 

,,  „  3:1  ''1-  o  11 


2  in. 

!  .1  in. 


ICnlargetl  and  palpable. 

('I'wo  nmntlis  later)  condition  could  not  be  satisfactorily  detciinined. 
Not  appreciably  enlarged. 

('Two  months  later)  lower  border  projects  tj  in.  below  costal  margin. 
I’jdarged  and  easily  palpable. 

Lower  border  jirojecfs  4  in.  below  costal  margin. 

1)  ]j  *  2  1’  " 

Enlarged  and  easily  palpable. 

Slightly  enlarged,  just  palpable. 

Not  examined. 

Just  palpable. 

(Three  and  a  half  months  later)  condition  not  recorded. 

Condition  not  recorded. 

Slightly  enlarged. 

„  „  just  palpatite. 


'The  parenchyma  of  the  spleen  was  examined  by  means  of  S|)leiiii| 
puncture  in  six  attacks  (Table  4S).  This  observation  is  readiljj 
carried  out.  The  patient  should  be  instructed  to  take  a  luuderakl 
insiiiration  and  then  hold  his  breath.  A  needle,  altnnt  one  niillinielt(| 
in  diameter,  attached  to  a  glass  syringe,  is  then  passed  quickk 
through  the  abdominal  wall  into  the  substance  of  the  enlarged  spleear 
The  piston  of  tlie  syringe  is  then  drawn  out  a  short  distance,  aftfi 
which  the  barrel  is  detaclied,  and  tlie  needle  at  once  withflran. 
J'T'om  tlie  small  amount  of  jiarenchyma  in  the  iioint  of  the  needlf 
fdms  are  then  prepared,  and  stained  by  Irishman's  method.  fai(| 
should  he  taken  not  to  change  the  direction  of  the  needle  at  anytini(| 
during  this  procedure.  After  a  little  practice  puncture  can  he  carrifJi 
out  in  aliout  five  seconds.  Two  of  tlie  smears  olitained  in  rable  1^1 
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No.  of 
Oliscr- 
volion 


3 


■I 


5 


G 


I| 

,  7 


were  made  during  haemciglnliimu  ia  (( )l)s.  |  and  s).  and  tlie  remaining 
four  cases  at  the  close  of  haemoglolrinuria  or  two  to  s<‘ven  days  later. 
In  all  eases  the  results  were  the  same  (I'igs.  ()V(>H).  No  mal.irial 
parasites  were  found,  nor  was  malarial  )ngment  observed.  The  red 


Tahi.k  4K.  Cotulilion  of  parciuliynia  of  apU*eu  in  hlackvvatcr  fewr  .iiul  in.ilari.i  Tp.  I'ahle  j7i. 


IllnCaS 


SpU-en  I'lnear 


l*i*rioil  at  wliich  rvain- 
inallon  was  mailt* 


Rrlilion  to  Itarnm- 
^loltinnri.i 


Suppression  or  urine 
after  hlackwater, 
Case  7a 

Suppressitm  of  uriiu- 
aftrr  hlackwater. 
Case  1 1 

lUackwaler  fever, 
t'ase  1  i 


I'haicocvlosis  of  red  cclU  (hv  leas 
than  i  of  the  while  cells). 
No  malarial  parasites  nor  pig¬ 
ment  (I'ig.  6^), 

1‘hagocvtnsis  of  red  celU  (hy  less 
llian  0*1  “,j  of  the  wliite  cells). 
Nil  nudari.il  parasites  nor  pig- 
meni  (Fig.  (*41. 

Pliagocvlosis  of  reil  cells  \l)V  \ 
of  the  while  Cellsi.  .No 
malarial  parasites  nor  pignuiil 


On  iph  tlayi  1  hrs.  after 
ileal h.  Cp  I'ig.  II. 

Oji  filh  il.iy.  Cp.  I'ig. 
14. 

( )o  ’0*1  iiav.  ( p.  rig. 

1  V 


Seven  tlays  after  h.ie 
moglohimiria  had 
cea'ied. 

I'wii  days  afli  r  haemo* 
ghdrinnria  It.ul  ce.ii>eil. 

\t  c|o«e  of  Itaemoghi' 
Itimiri  I. 


lUackwaler  fever, 
C'ase  I  z 

lUackwatiT  feVer, 
Case  14 


Hlackwater  fever, 
Case  1 5 


Hlackwater  fever, 
Case  16 


Malaria 


Malaria 


(Fig.  fi^i. 

Hhagiicvtu  is  id  ifd  celU  (hv  \ 
of  the  while  cells).  No 
malarial  parasites  mu  pigini'ui. 

IMiagocviosis  of  fi'd  cells  fhv  less 
than  I  of  the  white  cells). 
No  malarial  parasites  nor  pig¬ 
ment  (Fig.  hh). 

Pliagocv'tosis  of  red  cells  (hy  less 
tlvan  I  of  the  while  cells). 
No  malarial  parasites  nor  pig¬ 
ment  (Fig.  67). 

I'liagocytosis  of  red  cells  (hy  ahciot 
1  “o  t'f  fFe  white  cells).  No 
malarial  parasites  nor  pigment 
(Fig.  68). 

1‘liagocytosis  of  red  cells  (hy  about 
0*1  of  the  white  celU).  No 
malarial  parasites  nor  pigment 
(I'iK.  fiy). 

No  phagocytosis  of  red  cells. 
N.i  malarial  parasites  nor  pig- 
meni. 


On  ;rii  ilav,  I'p.  Fig. 
1 V 

( hi  4lh  li.iy.  Cp.  Fig. 
If*. 


On  1st  ilav.  Cp.  I’ig. 

iS. 


On  4ril  il.iy.  Cp.  Fig. 

K). 


In  morning,  'F.  normal 
('F.  104''  F.  iiii  same 
aiul  preceding  cven- 
ings.) 

1 1\  morning,  'V.  normal 
('F.  102®  I',  in  even- 


Fweniv  foni  honr^  .liter 
h.iemoglohiiuiri.i  lunl 

ieii»eil. 

During  haemogluhimiria. 


During  haemoglohiiniri.i. 


'Fow.irils  clo'C  of  li.u- 
moghihinui  i.i. 


cells  were  normal  in  aspect.  1  he  only  change  rtTognisahle  was 
phagocytosis  of  red  cells  on  ihe  part  ol  the  munonuclear  lcucot:)'les. 
'This  condition,  to  which  attention  was  directed  hy  (  hrisloiihers  and 
llenllcy,'  was  found  to  he  slight  in  degree,  the  numher  of  leucocytes 

*  Note  on  the  jrhagricvlOHis  of  red  blood  cot  pnudes  in  the  spleen  ol  a  ea.se  of 
Hlacliwaler  Kever,  Indian  Medical  (lazette,  njoS.  p.  Si;  lUaekwiUer  level,  Si  ienlitic 
Memoirs  by  Officers  of  the  .Medical  and  Scientific  Depailineiu,  of  the  llovernment 
of  India,  No.  pi;,  Simla,  itgiS,  p.  51. 


Hr.  ()?  Siileeii  birieiir,  liUickwater  Vever,  (  ase  ya.  Maile  .'it  aiilopsy 
seven  .lays  afler  cesbalian  ol  haeinoglobnnina  (siircee.le.l  liy 
sioii  of  urine)  'I'o  the  lefl  is  seen  a  inonomirleai  leuro.'vle  I'onl.iiniiif 
a  reil  cell,  wliidi  retains  its  liaeinoglol.in  nnallereil,  'I  o  ilu-  rijjhi  „ 
.•ell  with  two  nuclei  amt  an  iiigesteil  re.l  .  ell,  whose  haeuio|j|nliiii  |, 
nnallereil.  I.eishinan's  stain.  X  .  ,000. 


I'Hi.  fij.  .Spleen  smear,  Hlackwater  hevei ,  (  ase  n.  Ma.le  tvyo  ilajs  • 
cessation  of  haenioglohinuria  (suci  eederl  hy  suiipression  o| 
the  left  a  large  uioiionuclear  cell  with  ahiinclant  cytoplasni  ni  «' 
are  containerl  three  fraginetits  of  re.l  cells  retaining  thetr  luietiiuHln  y 
live  lyin|ihocyles  are  seen,  as  well  as  iiiinierous  free  red  '  ' 

right  a  mononuclear  cell  with  ahniidaut  cyto|)lasm,  in  wliicli  is  S" 
a  single  red  cell  fraguieiil,  the  haeinnglohiii  of  which  is  l’i“®''|, 
still  fiirllier  to  the  riglil  :i  Ivinphocyle. ;  anmnd  are  leil  in 
I  .eishman’s  .--lain.  x  1 ,000. 


I 


coiil.i  iinii[4  I'l'd  rclls  iisu.illy  ci /iibii li’i'.i I ily  li'ss  lli.iii  I  pei  reui 

of  the  whole  iiimiher  I'.reseul  (  l  iihle  |H).  It  is  not  eonlined  to  lihirk 
water  fever,  It  was  met  with  in  s|ileeii  siiieais  in  oiu'  out  of  two 
cases  of  malaria  (fiy.  fi(j)  and  in  the  nreiil.diug  Mood  fil  a  calf  affei  ti-d 
with  |)iro|)iasmosis  (lif^'.  71.1). 


I - T  r  I  1  I 


I' a;.  liS-  Spleoii  biiieiir,  llUu-liwalcr  I'uvcr,  1 'asie  m.  .\laite  at  ihb  fhiae  of 
liaeningloliiniiria.  'I’o  llie  left  ia  sbtiii  a  iiiojioiiiu  tealeil  cbII  in  ilia 
cyloplasii)  of  wliicli  is  roiUaineit  a  partly  ilei oluurised  reil  cell|  al)ove 
and  to  llie  left  are  two  red  cella,  lielow  and  to  die  rigid  la  a 
lynipliocyte.  'I'o  llie  rigid  is  aliown  ;t  large  immoiau  lealed  cell,  die 
cyloplasin  of  whitdi  laiiitaiiis  two  ileroioiiri.sed  red  lellaj  around  aie 
red  cells,  single  and  grouped.  I.eialunan’s  alain.  x  1  ,onn. 


J  he  pret^eiiee  of  malarial  pijgineiit  111  the  bloodvessels  o|  the 
off^rans,  usiitill}'  the  kidiie)’s,  has  been  ilescribed  by  several  authors. 
Ill  the  three  cases  in  which  we  hail  an  uitporlimit)'  ol  sliidymy  •I"'’ 
point  (Cases  /a,  1  1  and  ifi)  no  pigment  was  found  in  the  kidnejs, 
spleen  or  liver,  nor  could  imiknial  piirasites  be  reropmseil  m  tin 
blood-vessels  of  these  organs. 

by  wa)'  of  summing  up  the  uhov  i'  ohser\ at  ions,  it  may  he  said 
tiuit  there  are  not  at  present  sullicient  data  availahle  to  mdieale 
where  lakiiig  of  red  eells,  eatismg  haemoglolmiiiemia  and  thus  leading 
to  haemogliihnmria,  lakes  plaee  in  hlackwiiter  lever. 


I'ici.  (lb  Splteii  .siiK'fir,  Hl:u-kw:ilpr  l■■cvc'l■,  Case  i,|.  Made  durini^  liaenm- 
glohiiiaeuiia.  'I'o  the  left  three  nionomielear  reils,  ttne  of  wliu  h  lias 
abundant  eylnplasni  of  a  rcticidar  rharacter,  eonlaininy  a  piirlly 
decolourised  red  cell  ;  around  are  red  colls,  single  or  adherent  iii 
grouiJS.  To  the  right  is  seen  a  large  inononnelear  leucocyte  snrroiuided 
by  red  cells;  in  the  cytoplasm  of  the  former  is  seen  towards  the  light  ii 
red  cell  retaining  its  haemoglobin;  immediately  adjoining  the  mirleiis 
on  the  left  is  a  vacuole,  the  contents  of  which  are  stainerl  slighllv  red, 
representing  apparently  the  remains  of  an  ingested  red  cell;  in  addition 
there  are  present  in  the  cytoplasm  nnmerons  colourless  vacnolc.s  of 
varying  size,  nsn.dly  with  cle;ir  contents,  l.eishinan’s  stain,  x  i.dod. 


0,. 

I'lU.  (17.  Spleen  smear,  lilackwater  hever,  Case  is-  Made  during  Inieiiui- 
globinnria.  To  the  left  is  seen  a  mononuclear  lymphocyle,  in  llir 

cytoplasm  of  which  i.-,  a  red  cell  which  retains  its  hacinoglohin  and  is 
surrounded  by  a  clear  sjiace:  above  and  to  the  right  arc  red  roll 
masses.  To  the  right  :ire  seen  three  nuclei,  one  of  which  has  al.nimlriiil 
cytoplasm,  in  which  is  contained  a  red  cell  whose  haemoglobin  i' 
preserved  unchanged;  numerous  free  red  cells  are  seen  around, 
l.eishman’s  stain,  x  t,ono. 


I'k;.  (iS.  Spleen  sinciii',  Hliickwiler  I'ever,  (  use  id.  Made  toward--  end  of 
hacinoglolnnnria.  ’I'o  tlie  left  is  a  inomimudear  cell  with  alnindant 
evtoplasni.  in  whieli  ate  three  red  cells  with  tinchanKod  haeinoftlohin, 
two  beiii),'  in  contact  tnid  the  third  separate;  live  vacnoles  are  seen  in 
the  cvtoiilasni;  to  the  left  are  free  red  cells.  'I'n  the  ri|^ht  is  a  small 
innnnnnclear  cell  with  scanty  cytoplasm,  (-ont.-iinint,'  a  red  cell,  tln- 
haemo,;;lolnn  of  which  is  preserved  nnchatigcd.  I.cishitian's  stain. 
X  I 


r  r— ■  T  ^  1 - 1 
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l''K;.''tic).  Spleen  sinetir.  Malaria.  To  the  left  a  latye  moitottnclcar  cell 
with  abnndant  cyloplasm  containing  a  red  cell  with  tirnillcred  haemo¬ 
globin;  around  are  three  lymphocytes  and  nnmerotis  red  cells.  To  the 
right  arc  seen  three  nticlci.  the  cytoplasm  of  which  has  coalcscctl  to 
form  a  single  mass  in  which  arc  two  red  cells,  one  of  which  (to  the 
right)  retains  its  haemoglobin,  while  the  other,  contained  in  a  vactiolc. 
is  partly  decolottrised  ;  arotmd  arc  nnmerons  red  cells,  mostly  in 
gron[)S;  below  and  to  the  left  is  a  lymphocyte.  I.eishman's  stain. 


i6o 


Pyrexia  aiul  associatcrl  syinplonis,  consisliny  of  rigor,  sweating 
loss  ol  appetite,  vomiting,  malaise,  headache,  cramps  in  the  legs,  pau 
in  the  back,  cardiac  weakness,  collapse,  pain  on  micturition,  and  rapia 
anaemia,  were  met  with  in  varying  degree  in  the  cases  coming  undet 
our  observation,  as  the  clinical  records  show(])p.  17^)10256).  Generali) 
there  was  severe  constitutional  disturbance,  especially  at  the  onset  of 


Fig.  70.  filood  smear  of  calf  with  piroplasmo.si.s.  A  mononuclear  retl  is  | 
shown,  in  the  cytoplasm  of  which  is  a  partly  decolourised  red  cell  | 
together  with  numerous  small  vacuoles.  Five  free  red  cells  are  .seen,  s 
I.eishman's  stain,  x  1,000.  ■ 


haenioglobinuria,  but  subsequently,  when  haemoglobinuna  had  ceased 
these  SN-mptoms  gradually  subsided.  In  sixteen  out  of  the  twent 
observations  recorded  in  Table  49  it  will  be  noted  that  the  attadioi 
blackwater  was  ushered  in  by  a  rise  of  temperature  usually  reacliin, 
103°  F.  to  105°  F.  and  commencing  with  a  rigor.  The  symptoirr 
during  the  attack,  regarded  apart  from  the  haenioglobinuria,  weti 
similar  to  those  of  malaria.  Upon  recovery  more  or  less  weakness, 
anaemia  and  loss  of  flesh  still  remained. 

A  striking  feature  of  the  attacks  was  that  in  sixteen  of  the  twenl' 
attacks  investigated  the  onset  was  preceded  for  several  days  by  moR 
or  less  marked  general  disturbance.  This  lasted  in  fourteen  attack 
from  one  to  seven  days,  and  in  two  attacks  ten  and  twenty-one  da)5 
respectively,  as  will  be  seen  on  reference  to  Table  49.  Tlif 
preliminary  illness  was  regarded  as  malarial,  but  in  only  one  casf 
(C  ase  3)  were  malarial  parasites  found  before  the  onset  of  haemc 
globinuria  (they  were  sought  for  on  the  day  before  the  onset  n 
Cases  2  and  3). 
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One  of  the  patients  .siin'ering-  from  blackwater  fever  (Case  5) 
denied  that  he  had  ever  had  malaria;  he  liad,  however,  an  enlarged 
spleen,  the  lower  border  of  which  projected  about  one  inch  below  the 
costal  margin.  With  this  exception  all  the  patients  coming  under 
observation  with  blackwater  fever  had  in  the  past  suffered  from 
repeated  malarial  attacks  (Table  49,  Col.  2).  Although  the  diagnosis 
appeared  to  have  been  in  all  cases  purely  clinical,  there  is  no  reason 
to  doubt  its  accuracy  (cp.  Table  47). 

In  attempting  to  interpret  the  significance  of  the  preliminary 
illness  above  referred  to  we  are  met  with  the  difficulty  that  it  is 
unfortunately  impossible  in  the  present  state  of  our  knowledge  to 
identify  malarial  pyrexia,  and  thus  to  distinguish  in  all  cases  this  form 
of  pyrexia  from  non-malarial  pyrexia  occurring  in  malarial  subjects. 
The  difficulty  is  connected  with  our  ignorance  of  the  mechanism  of 
production  of  malarial  pyrexia.  In  the  same  way  we  have  no  means 
of  ascertaining  if  the  pyrexia  of  blackwater  fever  is  itself  of  malarial 
origin  or  not.  It  is  equally  impossible  in  the  present  state  of  our 
knowledge  to  determine  the  significance  of  the  association  existing 
between  blackwater  fever  and  malaria. 

In  all  cases  of  blackwater  fever  coming  under  our  observation 
quinine  was  taken  prior  to  the  attack,  which  it  directly  preceded 
(Table  50,  p.  247).  The  relation  between  the  two  was  usually  quite 
distinct,  as  for  example  in  Cases  i,  2,  6,  and  14a.  The  interdependence 
of  the  two  is  not,  however,  a  simple  one,  for  in  all  but  five  cases 
(i,  4,  6,  II  and  14)  quinine  had  been  administered  for  one  or  more 
days  before  ihe  appearance  of  blackwater,  but  witliout  effect  as  far 
as  the  production  of  blackwater  was  concerned.  In  Case  7a  (p.  195) 
the  administration  of  quinine  was  observed  by  the  patient  to  be 
followed,  some  days  before  the  attack  of  blackwater,  by  a  sudden  rise 
of  temperature  attended  with  constitutional  symptoms  closely 
resembling  those  accompanying  a  previous  attack  of  blackwater  fever, 
though  no  haemoglobinuria  made  its  appearance.  It  will  be  noted 
also  that  in  five'eases  (4,  8,  10,  12,  14a,  Table  50)  it  was  deemed 
advisable  to  give  quinine  shortly  after  the  disappearance  of  black 
water.  In  two  of  these  cases  (12  and  14a)  no  relajise  occurred.  In 
two  other  cases  (4  and  8)  slight  relapses  occurred,  which  did  not  bear 
any  definite  relation  to  the  time  of  administration  of  quinine.  In 
the  remaining  case  (10)  a  remarkable  series  of  .slight  relapses  occurred. 


at  first  in  the  absence  of  quinine,  and  then  still  continuing  when,  after  ' 
a  few  days,  the  administration  of  quinine  was  recommenced,  without, 
however,  presenting  any  definite  relation  to  the  time  of  administration  i 
of  quinine.  In  this  case  the  administration  of  quinine  did  not  appear 
to  call  forth  the  relapses,  nor  did  any  marked  improvement  occur  j 
during  the  period  when  quinine  was  discontinued. 

It  has  already  been  pointed  out  that  a  possible  explanation  of  the  I* 
occurrence  of  haemoglobinuria  after  quinine  in  malarial  subjects  may  || 
be  the  destruction  of  the  red  cells,  which,  as  already  shown,  are 
capable  of  taking  up  quinine  from  .solution  (Table  21,  p.  41),  by  the  | 
double  action  of  the  malarial  parasite  and  quinine,  but  that  it  is 
doubtful  if  the  number  of  parasites  in  the  red  cells  of  the  peripheral 
blood  is  large  enough  to  admit  of  the  assumption  that  the  haeino-  | 
globin  passing  into  solution  in  the  blood  plasma  is  derived  from  the 
haemolysis  of  these  affected  red  cells,  while  we  are  without  data 
pointing  conclusively  to  the  occurrence  of  haemolysis  in  the  spleen 
or  elsewhere.  It  must,  however,  be  observed  that  we  are  not  on  safe  | 
ground  in  assuming  that  because  quinine  is  effective  in  producing  ^ 
blackwater  in  malarial  subjects  it  would  fail  to  do  so  in  non-malarial  I 
patients.  Such  an  assumption  is  vitiated  by  the  fact  that  the 
administration  of  quinine  in  large  doses  is  in  general  use  only  in  '| 
the  treatment  of  malaria.  In  no  other  disease  is  the  administration  | 
of  this  drug  an  habitual  and  generally  recognised  mode  of  treatment 
Moreover,  on  the  relatively  few  occasions  on  which  quinine  is  j 
administered  in  other  diseases  it  is  usually  gi\'en  in  much  smaller  1 
doses  gr.  to  2  gr.).  Whether  haemoglobinuria  would  occasionally 
occur  if  quinine  were  employed  generally  in  pyrexial  affections  in  ! 
doses  similar  to  those  employed  in  malaria,  is  purely  a  matter  of 
conjecture. 

The  above  remark  is  prompted  by  a  point  of  resemblance  between 
many  cases  of  blackwater  fever  and  the  haemoglobinuric  attacks  ' 
produced  by  haemolytic  serum,  potassium  chlorate  and  other  drugs 
(p.  128).  In  the  latter  cases  haemoglobinuria  is  induced  in  an  animal 
which  has  for  some  time  previously  been  suffering  from  more  or  less  ■ 
severe  constitutional  disturbance.  Frequently  this  is  also  precisely  , 
the  condition  in  which  blackwater  fever  patients  exist  at  or  for  some  |p 
days  before,  the  date  of  appearance  of  haemoglobinuria.  In  each  I* 
case  there  are  present  two  factors  :  more  or  less  severe  constitutional  * 


'  f>5 

disturbance,  and  a  toxic  agent.  Another  point  of  resemblance  lies 
in  the  circumstance  that  in  both  cases  blood  destruction  (changes  in 
the  red  cells  may  be  obtrusive  after  the  administration  of  potassium 
chlorate)  has  been  occurring  previous  to  the  appearance  of  haemo- 
globinuria  resulting  in  more  or  less  severe  anaemia.  In  both  cases 
an  increased  blood  destruction  occurs  as  soon  as  haemoglobinuria 
makes  its  appearance.  It  is,  however,  uncertain  whether  the  blood 
destruction  in  these  cases  is  attended  with  discharge  of  haemoglobin 
into  the  blood  plasma,  destruction  or  removal  of  haemoglobin  (cp. 
Exp.  10,  Table  35)  occurring  so  rapidly  that  the  degree  of  haemo- 
globinaemia  is  insufficient  to  lead  to  haemoglobinuria,  or  whether  the 
destruction  takes  place  without  any  such  liberation  of  haemoglobin 
into  the  blood  plasma.  In  the  first  case  the  difference  between  the 
first  process  and  the  haemoglobinaemia  of  blackwater  fever  would  be 
only  one  of  degree  ;  in  the  latter  case  the  difference  between  the  two 
processes  v^ould  be  a  qualitative  one.  In  the  former  case  quinine, 
potassium  chlorate,  etc.,  would  act  merely  by  accelerating  the  rate  of 
discharge  of  haemoglobin  into  the  blood  plasma ;  in  the  latter  case 
by  inducing  a  new  process.  It  is  of  interest  to  refer  in  this  connection 
to  the  circumstance  that  malaria  alone  may  cause  blackwater  fever. 
Twenty-four  such  cases  are  described  by  A.  Plehn.* 

SUMMARY 

1.  In  the  urine  in  blackwater  fever  red  cells  may  be  found  during 
haemoglobinuna,  usually  in  very  small  numbers. 

2.  In  blackwater  fever  the  haemoglobinuria  which  occurs  is  the 
result  of  an  accompanying  haemoglobinaemia. 

Sufficient  data  are  not  available  to  determine  the  situation  in 
which  laking  of  red  cells  leading  to  haemoglobinaemia  occurs  in 
blackwater  fever. 

ADDITIONAL  NOTE 

Redwater  in  firoflasmosis.  Haemoglobinuria  m  the  dog,  due  to 
piroplasma  canis,  is  similar  in  its  mechanism  of  production  to  that  of 
blackwater  m  the 'human  subject,  that  is  to  say,  the  haemoglobinuria 
is  attended  with  and  dependent  upon  haemoglobinaemia.  A  series  of 
data  obtained  in  experimental  piroplasmosis  of  dogs  will  shortly  be 
ready  for  publication. 

•S.  Pathogenese  des  .Schwarzwasserfiebers.-,  Virch.  ArchTTgoj.^rTyV, 
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VI.  THE  CONDITION  OF  THE  KIDNEYS  IN 
BLACKWATER  FEVER. 

The  condition  of  the  kidneys  during  the  haenioglobinuria  of  blad(- 
water  fever  is  of  necessity  a  matter  of  inference,  for  a  simple 
uncomplicated  attack  is  not  in  itself  fatal.  When  death  takes  place 
during  blackwater  fever,  this  is  due  to  some  complication,  such  as 
hyperpyrexia  (Case  13),  suppression  of  urine  (Cases  ya  and  11),  or 
severe  constitutional  disturbance  ending  in  cardiac  failure  (Case  16), 
and  it  may  happen  that  haemoglobinuria  has  ceased  some  time  before 
death.  In  these  cases  it  is  necessary  to  attempt  to  separate  such 
pathological  conditions  as  are  purely  representative  of  the  haemo- 
glcbinuria  from  secondary  or  associated  pathological  conditions.  The 
post-mortem  appearance  of  the  kidneys  of  animals  in  which  experi¬ 
mental  haemoglobinuria,  together  with  severe  blood  changes,  had 
been  produced  has  already  been  referred  to  on  p.  128,  and  our  own 
experiments  of  a  similar  but  simpler  character,  unattended  with 
general  constitutional  disturbance,  have  been  described  on  pp.  124-12; 
(figs.  45-51  und  59-60).  It  will  therefore  not  be  necessary  to  refer 
further  to  the  appearances  presented  by  the  kidneys  in  these  experi¬ 
mental  conditions,  but  reference  must  be  made  to  the  results  of  post¬ 
mortem  examination  in  cases  of  blackwater  fever,  omitting,  however, 
any  additional  description  of  the  kidney  changes  in  suppression  of 
urine  following  upon  blackwater  fever  (pp.  107-124;  figs.  33-40  and 

53-56). 

In  1882  Kiener  and  Kelsch*  in  an  article  on  ‘Nephrite 
paludeenne,’  observed  in  Algeria,  described  as  an  early  stage  of  this 
disease  ‘  congestion  hernaturique  ou  hemoglobinurique,’  in  which  the 
urine  contained  sometimes  dissolved  haemoglobin  together  with  brown 
granular  casts  and  debris,  in  addition  to  hyaline  casts,  leucocytes  and 
red  cells,  sometimes  only  red  cells,  but  no  dissolved  haemoglobin. 
On  section  of  the  kidneys  similar  casts  were  found  in  the  uriniferous 
tubules  (loc.  cit.,  p.  285-O  ;  also  Plate  VI,  figs.  8-14).  The  condition  in 
question  w'ould  now  be  called  blackwater  fever.  Further  investiga¬ 
tions  on  the  histology  of  the  kidneys  m  blackwater  fever  were  made 

■*  Les  alterations  paludeennes  des  reins.  .Arch,  der  Physiologfe,  18S2,  T.  li 
p.  27S. 
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by  Stieda*  (1893),  Marchiafava  and  Bignamit  (iQOi).  A.  Plehni 
(1903),  De  Haan§  (1905),  and  WernerU  (1907)-  In  some  of  the  cases 
recorded,  in  which  death  took  place  on  the  day  on  which  haemo- 
globinuria  first  appeared,  it  is  possible  if  not  probable  that  the 
condition  of  the  kidneys  would  have  led  to  suppression  of  urine  if  life 
had  been  prolonged.  The  changes  to  be  considered  may  be  grouped 
under  four  heads  :  the  presence  of  granular  material  in  the  lumen  of 
the  renal  tubules ;  degenerative  and  other  changes  in  the  renal 
epithelium  ;  fluid  distension  of  the  renal  tubules  ;  interstitial  changes. 
The  first  condition  was  always  present  in  more  or  less  marked  degree. 
The  state  of  the  renal  epithelium  is  not  described  alike  by  all 
observers,  some  finding  the  epithelium  quite  normal,  others  meeting 
with  cloudy  swelling,  coagulation  necrosis  or  fatty  degeneration,  01 
again  the  epithelial  cells  were  found  loaded  with  coloured  granules. 
Distension  of  the  renal  tubules  was  usually  absent ;  Wernerll  describes 
four  cases  (Cases  4  and  5  and  to  less  extent  Cases  2  and  6)  in  which 
this  condition  was  present,  but  these  are  not  improbably  cases  in 
which  suppression  of  urine  would  have  been  observed  if  the  patients 
had  survived.  Interstitial  changes  (presence  of  epithelioid  cells  and 
leucocytes)  were  rarely  met  with. 

In  any  attempt  to  apply  the  above  observations  to  the  elucidation 
of  the  enquiry,  what  is  the  condition  of  the  kidneys  in  blackwater 
fever  during  simple  haemoglobinuria,  it  is  necessary  to  distinguish 
between  the  changes  in  the  kidney  which  are  necessarily  present  and 
those  which  when  present  are  to  be  regarded  as  secondary  or 
additional  pathological  changes.  We  are  on  safe  ground  when  we 
infer,  from  the  condition  of  the  urine  during  blackwater  and  from 
post-mortem  observations  in  blackwater  fever  and  in  experimental 
cases,  that  granular  material  is  present  in  the  renal  tubules  during 
haemoglobinuria  whether  dependent  upon  blackwater  fever  or 
produced  experimentally.  If  haemoglobin  is  eliminated,  not  by  the 

*  Einige  histologische  Befunde  bei  tropischer  Malaria,  Centralbl.  f.  a.  Path. 
11.  p.  Anat.,  1898,  B.  4,  S.  321. 

+  Malarial  haemoglobinviria,  Twentieth  Century  Practice  of  Medicine,  I.ouclon, 
1900,  Vol.  19,  p.  483. 

t  Die  Nieren  beim  Schwarzwasserfieber,  Arch.  f.  Schiffs-  und  Tropenhygiene, 
1903,  Bd.  7,  S.  270. 

S  Die  Nieren  beim  Schwarzwasserfieber,  Ibidem,  1905,  Bd.  g,  .S.  22. 

IF  Uber  die  Nieren  beim  Schwarzwasserfieber,  Ibidem,  1907,  Bd.  n,  S.  3. 

II  Loc.  cit.,  pp.  9-1 1 . 


glomerulus  but  by  the  epithelium  of  the  renal  tubule,  it  is  possible  that 
this  epithelium  may  necessarily  contain  during  haemoglobinuria  brown 
granules  of  hacmogdobin  as  observed  by  A^archiafava  and  Bignamr 
(cp.  also  Alarchandt  and  AfanassiewJ).  This  is,  however,  on  the  whole, 
improbable  ;  such  an  appearance  seems  to  have  been  rarely  met  with, 
and  was  not  observed  in  our  experimental  cases.  In  all  probability 
the  presence  of  granular  material  in  the  lumen  of  the  renal  tubules 
is  the  sole  change  recognisable  to  the  naked  eye,  which  the  kidney 
presents  during  haemoglobinuria.  As  regards  the  degenerative 
changes  occasionally  observed  in  the  renal  epithelium  after  death, 
the  circumstance  that  the  urine  ordinarily  becomes  quite  normal  after 
the  attack  of  blackwater  has  ended,  no  trace  of  coagulable  proteid 
remaining  in  the  urine  after  haemoglobin  has  disappeared,  shows  that 
as  far  as  mere  haemoglobinuria  is  concerned  the  renal  epithelium  is 
unaffected,  the  elimination  of  haemoglobin  being  effected  by  healthy 
epithelium  as  occurs  in  the  rabbit  during  e.xperimental  haeino- 
globinuria  (Figs.  44-51  and  59-bo).  No  parenchymatous  change  of  the 
epithelium  necessarily  attends  the  appearance  of  haemoglobinuria, 
nor  does  the  constitutional  disturbance  accompanying  blackwater 
fever  seem  to  be  usually  accompanied  wuth  any  secondary  affection 
of  the  renal  epithelium.  Whether  the  granular  material  in  the  renal 
tubules  ordinarily  causes  some  obstruction  to  the  flow  of  urine  is 
uncertain.  No  diminution,  but  an  increased  flow  occurred  in  the 
experiments  on  rabbits  detailed  in  Table  35.  In  blackwater  fever 
patients,  however,  a  diminished  flow  of  urine  may  be  observed  not 
unfreqiiently  during  haemoglobinuria  (cp.  p.  134),  The  circumstance 
that  interstitial  changes  are  usually  absent  after  death  from  black¬ 
water  fever  may  be  regarded  as  negativing  the  necessary  association 
of  this  condition  with  the  production  of  haemoglobinuria. 

We  may  therefore  say  that  all  the  evidence  available  points  to  the 
conclusion  that  the  production  of  haemoglobinuria  in  blackwater  fever 
is  consistent  wuth  a  normal  functional  state  of  the  kidney,  and  is  not 

*  l.oc.  cit. 

t  fiber  die  Intoxication  durch  chlorsaiire  Salze,  Virch.  Arch.,  1879,  I!.  77,  S.  455' 

+  liber  die  pathologisch  anatomischen  Veranderungen  in  den  Nieren  und  in 
der  Leber  bei  einigen  mit  llamoglobinurie  Oder  Icterus  verbundenen  Vergiftungen, 
Virch.  Arch.,  1884,  lid.  98,  .S.  460.  Afana.ssiew  regarded  these  granules  as  identical 
with  the  fragments  of  red  cells  seen  in  his  experiments  in  the  circulating  blood;  I 
these  he  describes  as  being  taken  up  by  the  renal  cells  and  passed  on  into  tte 
lumen  of  the  tiibules.  .Vlarchand  and  Ponfick  bold  similar  views. 


attended  with  any  pathological  condition  of  the  renal  epithelium,  the 
only  visible  change  ordinarily  present  being  the  appearance  of  brown 
granular  material  in  the  renal  tubules.  Whether  brown  granular 
material  is  also  of  necessity  present  in  the  epithelium  of  the  renal 
tubules  during  blackwater  is  uncertain. 

It  IS  moreover  clear  from  our  observations  that  an  attack  of 
haemoglobinuria  does  not  necessarily  damage  the  kidneys.  No 
albuminuria  of  renal  origin  followed  the  attacks  of  blackwater  fever 
coming  under  our  observation,  in  which  recovery  occurred,  and 
judging  from  the  cases  recorded  in  the  literature  of  this  subject, 
blackwater  fever  is  not  a  cause  of  nephritis. 

Before  concluding  this  section  reference  may  be  made  to  the 
circumstance  that  venereal  disease  does  not  seem  to  predispose  to 
blackwater  fever  nor  to  influence  its  course  when  present.  Particulars 
on  this  point  were  obtained  in  sixteen  cases  of  blackwater  fever,  with 
the  result  shown  in  Table  51.  On  further  comparison  of  the  cases  in 


'I'AiiLF,  51.  Blackw.iter  fever  and  venereal  disease. 


No,  of  Cases 

Syphilis 

Gonorrhoea 

9 

Absent 

Present  in  j  cases 

7 

Present 

Present  in  3  cases 

which  one  or  both  forms  of  venereal  disease  were  present  with  those 
in  which  a  negative  history  was  obtained,  it  is  found  that  the  severity 
and  duration  of  the  blackwater  fever  were  not  obviously  greater  in 
the  former  than  in  the  latter. 


SUMMARY 

1.  During  simple  uncomplicated  haemoglobinuria  of  blackwater 
fever  the  sole  pathological  condition  existing  in  the  kidneys  would 
appear  to  be  the  presence  of  brown  granular  material  m  the  lumen 
of  the  renal  tubules. 

2.  Venereal  disease  does  not  appear  to  influence  either  the 
tendenc)'  to  blackwater  fever  or  its  severity  when  present. 
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VII.  ICTERUS  AND  BLACKWATER  FEVER. 

The  statement  is  frequently  made  that  icterus  occurs  in  blackwater 
fever.  This  word,  while  in  its  strict  sense  designating  true  jaundice 
due  to  the  presence  of  bile  pigment  in  the  blood  plasma  and  urine,  is 
also  sometimes  employed  loosely  to  indicate  merely  a  yellowish 
tinting  of  the  skin  and  sclerotic  coat  of  the  eyeball,  not  necessarily 
due  to  bile  colouring  matter.  The  use  of  the  term  icterus  in  describing 
this  latter  condition  in  blackwater  fever,  without  any  statement  as  to 
whether  the  urine  contains  bile  ]iigment  or  not,  is  frequent  and  is 
apt  to  be  misunderstood.  The  same  indefiniteness  of  meaning  is  also 
apparent  in  the  description  of  experimental  work  in  which  haemo- 
globimiria  has  been  induced.  It  would  appear,  however,  that  true 
jaundice,  dependent  upon  bile,  pigment,  is  producible  together  with 
haemoglobinuria  by  toluylendiamin,*  though  so  far  as  we  know  no 
other  drug  is  capable  of  producing  these  two  conditions  simul¬ 
taneously.  It  is  asserted  by  Kocht  that  after  the  administration  of 
quinine,  instead  of  blackwater  fever,  an  atta,ck  of  icterus  may  result, 
haemoglobin  being  converted  into  bile  pigment,  which  appears  in  the 
urine. 

In  the  cases  of  blackwater  fever  which  came  under  our  notice,  as 
also  in  cases  of  malaria,  the  urine  was  not  unfrequently  high  coloured 
(brownish  amber)  after  the  attack.  When  the  urine  obtained  during 
the  haemoglobinuria  of  blackwater  fever  was  acidified  and  boiled,  the 
liquid  obtained  on  filtration  was  usually  of  a  light  amber  colour, 
though  sometimes  remaining  of  a  somewhat  brownish  tint.  On 
testing  the  filtrate  for  bile  pigment  .with  iodine  a  negative  result  was 
obtained.  In  the  same  way  a  negative  result  was  obtained  in  the 
experimental  haemoglobinuria  of  rabbits.  In  consequence  of  the 
absence  of  bile  pigment  in  the  urine  it  follows  that  the  dark  amber  or 
orange  colouring  matter,  obviously  derived  from  the  breaking  up  of 
haemoglobin,  which  the  blood  plasma  often  presents  in  blackwater 
fever  and  for  some  time  subsequently,  and  sometimes  also  in  malaria 
(Table  33,  p.  73)  is  not  due  to  bile  pigment. 

*  G.  Joannovicz,  Kxperimentelle  Uiitersuchungen  fiber  Ikterus,  Zeitschr.  f. 
Heilkuiide,  1904,  Bd.  25.  .S.  25.  M.  Afannassiew,  tlber  die  patliologisct 

anatomiscben  Veranderungen  in  den  Nieren  und  in  der  Leber  bei  einigen  ml 
llamoglobinurie  oder  Ictenis  verbundeneii  Vergiftungen,  Virch.  Arch.,  1884,  I'll’ 
qS,  S.  460. 

f  Uber  Schwarz.wasserlieber  (llamoglobinurie)  Zeitschr.  f.  Hygiene,  rSyS,  Bii. 
30,  S.  295.  Cp.  pp.  321-322  and  Case  3,  p.  303. 
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VIII.  REMARKS  ON  THE  PROPHYLAXIS  AND  TREATMENT 
OF  BLACKWATER  FEVER. 

It  is  not  here  proposed  to  do  more  than  refer  briefly  to  the 
importance  of  avoiding  malaria  in  countries  in  which  black  water  fever 
is  prevalent,  for  the  need  of  adopting  the  various  measures  available 
for  preventing  the  risk  of  the  bites  of  infected  mosquitos  and  of  using 
quinine  as  a  prophylactic  are  now  well  recognised.  But  a  few 
remarl-is  upon  the  attitude  often  taken  up  towards  prophylactic 
measures  will  serve  to  indicate  the  nature  of  some  of  the  difficulties, 
often  more  or  less  trivial  in  aspect,  which  arise  when  it  is  attempted 
to  secure  avoidance  of  malaria.  It  was,  we  found,  commonly  regarded 
as  unnecessary  to  use  mosquito  nets  until  mosquitos  had  already  made 
their  appearance.  The  presence  of  mosquitos  was,  moreover,  not 
unfrequently  overlooked.  In  many  cases  this  appeared  to  be  in  part 
due  to  the  circumstance  that  those  bitten  by  mosquitos  have  after  the 
lapse  of  months  or  years  ceased  to  suffer  from  irritative  skin  lesions 
as  a  result  of  these  bites.  Mosquito  nets,  when  available,  were 
sometimes  not  used.  Some  of  the  nets  in  use  were  in  a  torn  condition 
and  of  limited  utility.  When  travelling  or  shooting  mosquito  nets 
were  not  unfrequently  left  behind,  though  the  night  would  be  spent 
in  the  neighbourhood  of  a  river  where  mosquitos  abounded,  and  this 
in  spite  of  warnings  afforded  by  the  consequences  of  such  neglect. 
The  importance  of  taking  a  course  of  quinine  as  a  prophylactic  after 
being  bitten  by  mosquitos  is  not  recognised,  and  this  drug  is  not 
taken  until  an  attack  of  malaria  has  supervened,  or  until  several 
malarial  attacks  of  increasing  severity  have  occurred.  The  necessity 
of  avoiding  the  formation  of  collections  of  water  in  the  neighbourhood 
of  houses,  or  of  filling  up  or  draining  places  in  which,  during  the 
rainy  season,  mosquitos  may  breed  is  generally  unknown  to  the  white 
population,  but  the  Government  medical  officers  have  taken  steps  to 
secure  better  sanitary  conditions  in  such  cases.  Many  of  the 
situations  in  which  habitations  were  placed  invmlved  unnecessary  risk 
of  exposure  to  malaria. 

1  he  administration  of  quinine  to  a  patient  suffering  from  malaria 
who  has  previously  suffered  from  blackwater  fever  presents  a  difficulty 
for  which  no  general  rule  can  be  laid  down.  In  some  cases  where  the 
malarial  condition  is  not  showing  signs  of  improvement,  or  is 
becoming  steadily  worse,  the  possible  risk  of  inducing  blackwater  by 
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qiuinnc  may  he  less  Ilian  that  ol  wilhlidldiii)^'  ll.  SoinelimL's 
Ihe  derision  may  be  lefl  to  llu'  patient,  hut  in  most  cases  Hip 
responsibility  of  deeidmff  upon  tlu'  Ireidmeni  will  neressaialy  rest 
with  Ihe  medical  olTieer.  W’e  are  ol  opinion  that  Ihe  jfeiiernl 
avoidance  of  (juinine  in  malarial  cases  with  a  view  to  esea|imj;  the 
possible  risk  of  blaekwater  fever  would  expose  patients  to  a  nuidi 
{greater  risk  of  fatal  issm'  from  complications  ol  malaria.  ’I'lie  dcfiTPc 
of  risk  involved  in  j^ivin^'  quinine  shortly  alter  an  attack  of  blackwalpr 
fever  may  lae  judged  Ironi  a,  f^lance  at  1  aJile  S''  (C  ases  S,  12,  1  la), 
It  is  scarcely  necessary  to  add  that  when  quinine  is  o'iven  its  usp 
should  be  continued  as  Ion”  as  splenic  enlarf^'emmil  or  oilier  sij,ui  at 
malaria  is  observable. 

During-  the  alturk  of  lilackwater  fever  (juinine  is  probably  hpsl 
avoided,  but  when  haemog-lobiniiria  has  ceased  and  Ihe  temiiei-iiliirc 
has  become  normal,  Ihe  treatment  of  I  be  accomiianying  malarial 
condition  may  be  commenced  with  gr.  daily  doses  cil  r|uininc;  very 
small  doses  appearing  to  be  much  less  likely  lo  cause  liaemoglobiiiiiria 
than  larger  doses.  I’liis  amount  may  be  gradually  increased  lo  5  gr. 
a  day  (cji.  (ia.se  i.|a.  Table  48). 

Of  ibe  treat nieni  of  Ihe  general  symploms  ol  blaekwater  lever 
nothing  will  be  said,  since  these  are  dealt  with  by  Ihe  same  mellidils 
which  are  employed  when  Ihey  occur  in  other  diseases.  Our 
e.xpericnce  does  not  enable  us  lo  express  any  opinion  as  to  lIu'  value  of 
the  numerous  enipirii'al  melhods  for  the  treat numl  of  blac’kwaler  fever 
which  ha.ve  fieen  pul  forward  liy  various  aiilTiors,  A  few  remarks 
may,  however,  be  made  on  tbe  treatment  of  a  com|iheal  ion  which  is 
peculiar  to  blaekwater  fever  and  is  a,  fre(|uenl  caaise  of  death,  namely, 
sup]iression  of  urine.  It  lias  already  been  [lointed  out  that  the 
tendency  to  [dugging  of  Ihe  renal  tubules  with  granular  maleriiil, 
which  is  i^iirely  mechanical  in  its  action,  appears  less  likely  lo  iicciir 
when  the  How  of  urine  is  rapid  than  when  it  is  sluggish.  Tor  ibis 
rea.son  in  all  cases  of  bhickwater  fever,  and  especially  when  Ihf 
amoiinl  of  urine  secreted  is  small,  which  is  likely  lo  be  ihe  rasr 
when  the  patient  has  been  sweating  jirofiisely,  as  often  ba|i|)eiis, 
or  exhibits  signs  of  cardiac  depression,  the  sccrelion  of  urine  by 
Ihe  patient  should  be  eni'oiiraged  by  the  administration  of  a  copious 
amount  of  Ihiid  lo  drink  and  by  the  use  of  lea,  cafleiiu', 
digitalis  or  other  diuretics.  If  .supjiression  has  su|)ervened  ibc'sr 


)iio;isui-('s  limy  lii'  ronliniiod  I'nr  .1  liiiic,  bill  if  suppression  eonliiiu<-s 
(he  (]uesliun  nrises  wliellier  ;iiiy  ;itleiiipl  In  relieve  Ihe  bloekinj4  o|  tlie 
renal  liilies  by  providiiijj^  an  oullel  nieebanieally  by  incision  of  one  ol 
the  kidneys  should  Ik-  made.  Should  such  a  nu'asure  have  beim 
alteinpted  in  Case  ya,  for  example,  m  vvliieh  the  ”(meral  eoiidition  was 
u'ood  almost  to  the  end.-’  t '|)  to  Ihe  present  (his  procedure,  hrsi 
sii^fj^'esled  by  Weriu'r,*'  appears  to  Inu’c  been  adopted  m  snp|)ression 
of  urine  in  blaekvvali'r  fever  only  on  (v\'o  oi'easions.  In  Ihe  lirst 
case,t  nil  liu-  third  day  of  suppression  lu'phrolomy  was  |)erformed, 
the  How  of  urine  eoiita  iiiiiij^'  abimdaiiee  ol  aibnmm  beinp; 

re-established,  but  snb.se(|nently  aimria  reappeared  and  death 
occurred.  In  the  second  c:aset  nephrotomy  was  perlormed  alter  live 
days'  suppression  of  urine;  the  operation  resulted  m  (he  re  establish 
meni  of  a  profuse  si'erelion  of  urine,  but  de.ilh  occurred  snbsecjnently 
I'rom  proori'ssively  inereasiiij^'  weakness.  It  is  clear,  on  reference  to 
b2  (p.  131)),  Ibat  if  Ihe  bloekint.;-  of  Ihe  renal  passayi's  is 
snflicienlly  extensive  no  mere  incision  ol  llu'  kidney  would  be  ol  mnch 
use,  but  if  the  bloekiii}.;;  is  chielly  eonlined  to  Ihe  duels  ol  Hi'i’tini, 
as  ])robably  oeeiirs  in  most  east's  and  was  observed  in  ( 'ases  7a  and  1  1 
(biffs.  33  ..|()  and  53  5(1),  then  nephrotomy,  if  Ihe  patient's  slren^dh  is 
maintained,  oilers  a  means  ol  re  establishm;.;  (he  How  ol  urine,  It 
does  not,  however,  follow  that  this  will  necessarily  lead  to  recovery, 
for  Lhonf;h  cases  are  on  record  in  which  after  several  days' 
snppressitm  in  blackwater  fever  re  establishmeni  of  the  How  of 
urine  has  occurred  spontaneously,  yet,  nevertheless,  death 
occurred  from  other  coiuphcal ions  ;  two  such  cases  are  recorded  by 
I'.  I’lehn.  Ihe  ellect  ol  incision  is  ol  course  hunted,  as  rcf^'anls  (he 
oullel  which  it  provides  for  the  escape  of  urine,  to  only  a  small 
Iraction  of  the  kidney  incised,  but  it  ma.y  be  pointed  out  that  a  fraction 
of  one  kidney  not  exceeding  one  half  to  one  (|uarler  ol  the  total 
kidney  uia.ss  is  siifhcimit  to  carry  on  Ihe  work  ordinaril)’  |)erfornied 
by  the  two  kidneys, tj  Ihe  best  lime  lor  carryiiij.^'  out  ne|)hrolomy  is 

|)robably  belore  the  suppression,  d('lermined  by  catiu'lerisation,  bus 
lasted  more  than  twenty  lour  to  lorly-eif.^hl1f  hours,  it  beiiifr,  of  course, 
assumed  that  Ihe  j^eiu'ral  condition  of  Ihe  patient  is  siiflieienl  ly  j^mod 
to  permit  of  opera!  ion. 


,1.  t  ‘^‘-'('"‘U'r.wassL'i lii.'l)criiiiui it  ilie  Ni'iiliroliiiiiic  iiKliza'i I  .-  Dciil  med 

VV  (iclicnsclii'.,  U)Oi,  Ni).  ,)2. 

I  /.iciimmi,  MoiioKUipliiv  iilici  Miilaiiii,  Mciisf'.s  I  IiiiuIIhicIi  ,U-i  'ri<)p(!iil<iaiil(li<-ilcii, 
lilt.  1 1 1,  S.  sHyc.  '  ’ 

.  ,  .I-  \\'<'OK'i,  ill, a  liio  Ninni  Ik'Iiii  .Srlnvai/wai-Kti  lic'lici, 

Anh.  I.  ScIhIis-  u.  !  i'()]»cnliy}4.,  ifjoy,  l»(l  ii,  S,  5. 
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inetabolisin,  jcnmi.  ol  Ihxp.  Me<licjnf,  Vol.  10,  p. 
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IX.  CLINICAL  RECORDS. 

Before  giving  the  clinical  records  of  the  patients  coming  under 
observation,  a  few  words  may  be  said,  by  way  of  introduction, 
concerning  the  general  features  presented  by  the  attacks  of  black- 
water  fever  from  which  they  suffered.  For  convenience  of  reference,  a 
synopsis  is  given  in  Table  52,  p.  248.  The  observations  have  already 
been  for  the  most  part  collected  in  tabular  form,  as  indicated  below. 
Some  of  the  particulars  supplied  to  us  by  the  patients,  for  example, 
the  statements  made  as  to  past  attacks  of  malaria,  it  was  not  in  our 
power  to  verify. 

The  records  are  of  necessity  more  or  less  incomplete.  In  some 
cases  delay  occurred  in  reaching  the  patient,  either  because 
information  could  not  be  sent  to  us  sufficiently  early,  or,  more 
frequently,  because  of  the  slowness  of  travelling,  especially  during  the 
rainy  season.  The  simultaneous  occurrence  of  two  or  more  cases  at 
considerable  distance  apart  caused  difficulty  also  on  more  than  one 
occasion. 

The  number  of  attacks  of  blackwater  fever  investigated  was 
twentyc  These  occurred  in  seventeen  different  individuals,  all  males, 
eleven  being  white  men,  four  Indians,  one  Eurasian  and  one  Chinese. 
Only  one  attack  occurred  in  a  female  during  our  stay  in  Nyasaland; 
this  was,  however,  not  brought  under  our  observation. 

For  convenience  of  reference  and  comparison  dates  are  omitted, 
and  the  course  of  the  attacks  is  described  under  the  headings  1st  day, 
2nd  day,  etc.  (cp.  Table  50,  p.  247).  One  attack  occurred  in  January 
six  in  February',  four  in  April,  one  in  May,  two  in  June,  three  in 
September,  two  in  October  and  one  in  December.  The  rainy  season 
extends  from  November  to  March. 

All  the  patients,  except  Case  5,  stated  that  they  had  suffered  from 
malaria  some  time  before  the  attack  (cp.  Table  49,  p.  161).  In  all 
except  four  (Cases  1,4,  13  and  14)  of  the  attacks  the  patients  were 
regarded  as  suffering  from  malaria  before  the  appearance  of  black- 
water.  Malarial  parasites  were  found  in  the  peripheral  blood  on  only 
one  occasion  (Case  3),  as  is  indicated  in  Table  46  (p.  151). 

In  all  the  twenty  attacks  investigated  quinine  had  been  taken 
before  the  onset  of  haemoglobinuria,  of  which  it  appeared  to  be  a 
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detennining  factor,  especially  in  attacks  i,  2,  3,  0,  7,  ii,  12,  13,  14 
and  14a,  This  relationship  is  exhibited  in  tabular  form  in  Table  50 
(p.  247),  and  is  further  considered  in  Section  V,  pp.  130-165. 

The  duration  of  the  attack  of  haemoglobinuria  was  usually  short, 
lasting  from  three  or  four  hours  to  four  days.  (Table  50).  Relapses 
occurred  in  three  cases  (4,  8  and  10).  In  the  first  two  a  single  relapse 
occurred  respectively  ten  days  and  two  days  after  the  original  attack  ; 
in  the  last  case  a  remarkable  series  of  small  relapses,  about  fifteen  in 
number,  occurred  during  the  ten  days  following  the  original  attack, 
and  bore  no  obvious  relation  to  the  quinine  taken  during  this  period 
(Table  50).  Three  of  the  patients  (6,  7  and  14)  suffered  from  another 
attack  of  blackwater  fever  after  the  lapse  of  a  period  varying  from 
two  to  three  and  a  half  months. 

The  severity  of  the  constitutional  symptoms  varied  considerably 
in  different  attacks,  being  insignificant,  for  example,  in  Case  7,  while 
severe  collapse  lasting  about  twenty  hours  occurred  in  Case  2. 
Vomiting  was  severe  in  attacks  3,  6a,  9,  14a,  16  and  17.  Pain  in  the 
back  was  common,  but  was  not  severe.  Rigors  occurred  at  the  onset 
of  the  attack  in  Cases  i,  2,  3,  5,  8,  9,  10,  12,  14  and  14a.  Cramps  in 
the  calf  muscles  were  severe  in  Case  2.  Illness  of  several  days’ 
duration  preceded  the  attack  of  blackwater,  except  in  i,  4,  13  and  14a. 

The  complications  observed  were  hyperpyrexia  (Case  13), 
suppression  of  urine  (Cases  7a  and  ii)  and  vomiting  attended  with 
extreme  weakness  (Case  16).  All  these  complications  terminated  in 
death. 

The  blood  obtained  by  pricking  the  finger  tip  was  generally 
remarkably  watery  in  aspect.  TIaemoglobinaemia  was  usually 
present  during  haemoglobinuria  in  the  cases  in  which  this  point  was 
investigated  (3,  7a,  10,  14,  15  and  17,  cp.  Table  34,  p.  75),  the  highest 
amount  observed  being'  0‘95  per  cent.  Methaemoglobin  was  also 
observed  in  relatively  small  amount  during  blackwater  in  most  cases 
in  the  blood  plasma,  which  was  dark  orange  in  colour  in  every  attack, 
except  5,  6a  and  9,  in  which  it  was  light  yellow  (Cases  t  and  13  were 
not  examined) 

The  reaction  of  the  red  blood  cells  to  quinine  in  vitro  was  noted 
in  Cases  3,  4,  5,  7,  7a,  8,  10,  1 1,  14,  14a  and  15  ;  it  was  found  not  to 
exhibit  any  marked  alteration  (Table  24,  p.  46). 


Tlie  percentaf^e  of  haemog-lobin  in  the  urine  lay,  in  the  cases  in 
which  this  could  be  determined,  between  0'2  |rer  cent,  and  3'8  per 
cent.  (Table  43,  p.  136).  The  total  amount  of  haemngdobin,  lost  in 
the  urine,  ranged  between  r5  g.  and  75  g.  (Fable  45,  p.  141).  The 
total  amount  of  dissolved  haemoglobin  entering  the  blood  plasma 
could  not  be  determined  (cp.  p.  143).  Methaemoglobin  was  also 
usually  observed  in  llie  urine  in  relatively  small  amount.  Red  blood 
cells  were  found  in  the  urine  (Table  43).  Casts,  generally  granular  in 
character,  were  always  present  (Section  IV,  p.  94;  h  igs.  21  to  32). 
The  urine  before  and  after  the  attack  was  frequently  high  coloured, 
as  in  Cases  2  and  7,  for  example.  Bile  pigment  was  not  found  in  the 
urine. 

In  Cases  7a  and  n  (suppression  of  urine)  and  in  Case  16  (death 
seven  days  after  blackw'ater  had  ceased)  some  of  the  renal  tubules,  in 
particular  the  collecting  tubules,  were  found  to  be  plugged  with 
coarsely  granular  casts  (Figs.  33-40  and  53-56)  resembling  those 
present  in  the  urine  in  Case  7a  (Figs.  29  and  32).  The  renal 
epithelium  did  not  show  any  marked  degenerative  changes.  The 
condition  of  the  urine  during  nine  days’  suppression  is  given  on  p.  igg 
(Case  7a)  and  on  pp.  220-221  (Case  1 1). 

The  spleen  was  observed  to  be  enlarged,  usually  markedly  so,  in 
all  cases  except  13  and  15,  in  which  no  information  as  to  its  condition 
w'as  available  (Table  47,  p.  154) 


Hlackwater  Fever.  Case  r. 

Male,  twenty-nine  years  of  age.  Engineer.  European. 

Idas  lived  in  Nyasaland  for  the  last  five  years.  During  this  period 
he  has  suffered  a  good  deal  from  fever.  Has  ha,d  one  previous  attack  of 
blackwater  fever  about  three  years  ago.  fde  does  not  take  quinine 
regularly.  About  a  month  ago  he  suffered  from  low  intermittent 
fever.  Fie  stated  that  he  had  an  attack  of  fever  each  alternate 
afternoon  about  3  p.m.  These  relapses  went  on  for  about  a  fortnight, 
and  during  this  time  he  took  no  quinine.  After  these  attacks  of  fever 
had  stopped,  he  took  five  grains  of  quinine  daily  for  three  or  four 
days.  During  the  next  fourteen  days  he  felt  very  well,  and  took  no 
quinine 
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On  the  1st  day  of  tlie  present  illness  he  got  up  feeling  very  well, 
and  took  five  grains  of  quinine.  About  noon  he  suddenly  became 
dizzy  and  had  a  rigor,  and  shortly  afterwards  he  passed  blackwater. 

2nd  day.  In  the  morning  patient  was  comfortable,  vomiting  was 
slight,  and  the  urine,  which  had  begun  to  clear  about  noon,  was  still 
deeply  tinged  red.  Pulse  84.  Temperature  normal.  The  spleen 
extended  one  and  a  half  inches  below  the  costal  margin.  The  liver 
was  also  enlarged.  At  9  p.m.  patient  was  not  quite  so  well. 
Temperature  103°  F.  The  urine  had  become  much  darker  again. 

3rd  day.  Patient  much  better;  the  vomiting  had  ceased  and  the 
urine  was  not  so  deeply  coloured.  Temperature  99‘5°  F. 

4th  day.  Patient  better  ;  the  urine  was  amber  coloured  and  the 
temperature  normal.  .Subsequently  the  patient’s  recovery  was  un¬ 
interrupted. 

Condition  of  blood. — On  the  2nd  day  an  examination  of  the 
patient's  blood  was  made  at  4-30  p.in.  No  malarial  parasites  and  no 
pigmented  leucocytes  were  found. 

3rd  day.  Blood  was  e.xamined  at  10  a.m.  No  malarial  parasites 
and  no  pigmented  leucocytes  found. 

4th  day.  Blood  films  were  examined  again  to-day,  and  no 
malarial  parasites  or  pigmented  leucocytes  were  found. 

/th  day.  No  malarial  parasites  or  pigmented  leucocytes  were 
found  in  films  made  from  the  patient’s  blood  to-day. 

15th  day.  No  isolysin  could  be  discovered  in  patient’s  blood 
plasma.  No  malarial  parasites  or  pigmented  leucocytes  were  found 
in  the  blood  films. 

Condition  of  urine. — On  the  ist  day,  at  2  p.m.,  the  urine  wms  of  a 
dark  red  colour. 

2nd  day.  The  urine  was  not  quite  so  deeply  coloured  at  noon 
to-day,  but  at  9  p.m.  it  became  of  a  dark  red  colour. 

3rd  day.  The  urine  was  of  a  reddish  colour  to-day,  but  became 
lighter  in  the  evening.  On  spectroscopic  examination  the  bands  of 
oxyhaemoglobin  were  seen.  Methaemoglobin  bands  were  absent. 
A  few  red  cells  were  present  in  the  urine. 

4th  day.  Urine  was  amber  coloured. 

15  th  day.  The  urine  wms  acid,  sp.gr.  roio,  amber  coloured  ;  no 

deposit  on  centrifugalising,  and  no  precipitate  on  acidifying  and 
boiling. 
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Blackwater  Fever.  Case  2. 


Male  about  forty  years  of  age.  Planter.  European. 

Has  been  in  Nyasaland  for  thirteen  years.  His  first  attack  of 
blackwater  fever  occurred  eight  years  ago  ;  was  ill  with  ‘  fever  ’  for 
a  fortnight,  then  took  forty  grains  of  quinine,  after  which  blackwater 
appeared.  Since  then  has  had  several  attacks  of  malaria,  but  lias  not 
suffered  again  from  blackwater  fever.  Has  passed  small  amounts  of 
pus  in  his  urine  for  last  twelve  months,  and  occasionally  has  passed 
bright  blood  at  the  end  of  micturition. 

Eight  days  ago  was  drenched,  and  could  not  change  his  clothing 
for  some  hours.  Yesterday  took  five  grains  of  quinine,  had  to  pass  a 
catheter,  being  unable  to  void  urine  naturally. 

To-day  (first  day)  temperature  became  raised ;  patient  suffers 
from  vomiting  and  diarrhoea,  and  is  very  restless.  Has  painful 
cramps  in  muscles  of  legs.  Took  five  grains  of  quinine. 

2nd  day.  Still  restless  but  somewhat  improved  in  morning.  Al 
10  a.m.  had  six  grains  of  quinine  bihydrochloride  hypodermically,  his  _ 
temperature  being  then  98'4°  F.  At  11-15  a.m.  again  restless,  |  ^ 
temperature  I03’5°  F.,  vomited.  At  12-0  mid-day  passed  150  c.cm.  of 
very  dark  chocolate-coloured  urine.  Pulse  now  very  feeble  and  ” 
rapid;  shivering;  extremities  cold.  At  12-30  p.m.,  temperature  , 
105°  F.;  at  1-30  p.m.,  temperature  101°  F.  Then  commenced  to  1” 
perspire  freely,  and  condition  improved.  Spleen  projects  about  3|in.  ,. 
below  costal  margin.  Liver  cannot  be  felt.  Heart  and  lungs  normal  Tc 

3rd  day.  Condition  much  improved.  Skin  has  become  sallow. 
Urine  contained  chocolate-coloured  deposit  until  mid-day,  when  this  " 
disappeared  and  dark  amber  urine  was  passed.  „ 

Subsequently  patient’s  condition  steadily  improved.  The  urine 
continued  free  from  haemoglobin,  no  relapse  occurring.  Pus  in  urine 
continued  as  before. 

Condition  of  blood. — On  the  ist  day,  before  blackwater  appeared, 
an  examination  of  patient’s  blood  was  made  at  4  p.m.  The  blood 
plasma  was  of  a  dark  orange  colour  with  a  slight  greenish  tirrt,  and 
gave,  in  a  column  18  mm.  high,  excessively  faint  oxyhaemoglobin  1 
bands,  the  amount  of  dissolved  haemoglobin  being  about  O' 13  percent 
No  isolysin  was  present.  No  malarial  parasites  could  be  found  m 
blood  smear. 
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2nd  day.  Blood  examined  at  g  a.m.  and  again  at  2-15  p.m.  On 
each  occasion  the  plasma  was  found  to  be  of  a  dark  orange  colour, 
with  a  slight  greenish  tint,  containing  about  O' 13  per  cent,  of  dissolved 
haemoglobin.  No  isolysin  present.  No  malarial  parasites  in  blood 
smear. 

3rd  day.  Blood  examined  at  2-30  p.m.  Plasma  of  dark  orange 
colour,  with  slight  greenish  tint.  As  before,  only  excessively  faint 
oxyhaemoglobin  bands  could  be  recognised  in  a  column  18  mm.  high, 
the  amount  of  dissolved  haemoglobin  being  about  o' 13  per  cent.  No 
isolysin  present.  No  malarial  parasites  in  blood  smear. 

Condition  of  urine. — Prior  to  the  appearance  of  blackwater  the 
urine  was  stated  to  be  of  a  yellow  colour  ;  none  was  obtainable  before 
the  onset  of  blackwater.  Characters  of  urine  are  given  in  the 
following  table  ;  - 


Date. 

Amount. 

’  1 

Specitic 

Gravity. 

Reaction. 

Colour. 

Amount  and  appear¬ 
ance  of  deposit. 

Spectroscopic  examination. 

1  dav, 

1 2.0  mid  day 

80 

c.c. 

ro22 

Neutral 

Chocolate  coloured 

5  c.c.  chocolate  brown 

No  dissolved  haemoglobin 

1 

recognisable 

6.45  p.m. 

5° 

55 

1019 

1, 

55 

7  .. 

11.30  „ 

1 18 

55 

I  '022 

55 

Dark  amber  col  5arcd 

3'5  c-c  .. 

dav, 

3.20  a.m. 

12; 

55 

ron 

55 

51 

I  C.C.  whitish 

r 

6-30 

85 

55 

I  014 

55 

55 

2  »  » 

55  15 

11 

9'3o  „ 

>36 

55 

I  014 

55 

55 

0  '5  55 

15  55 

12. 0  p.m. 

”5 

1, 

r 

3-30 

”5 

55 

j) 

4-15  55 

60 

55 

1  daj 

5  2.0  a.m. 

170 

55 

I'oiS 

55 

55 

6  c.c.  „ 

55 

345 

55 

.  51 

6.30  „ 

195 

55 

55 

9.0  „ 

210 

51 

15 

”45  „ 

220 

55 

:  The  first  two  specimens  of  urine  presented  an  abundant  deposit, 

consisting  chiefl}/  of  red  blood  cells  and  stromata,  and  a  dark  brown 
granular  precipitate,  the  latter  being  one  third  to  one  quarter  of  the 
J  volume  of  the  former.  In  addition  a  few  epithelial  cells  were  seen, 

(j  and  also  bacilli,  mostly  3/“  to  4//  long,  somewhat  less  numerous  than 

i, ;  the  red  cells.  On  centrifugalising  the  urine,  the  brownish  precipitate 

it,  separated  with<lifhculty,  and  a  turbid  upper  liquid,  light  brown  in 

jj  colour,  showing  on  spectroscopic  examination  no  haemoglobin  bands 

in  a  layer  18  mm.  high,  and  giving  on  acidifying  and  boiling  about 


I  So 

one-twentieth  column  of  a  whitish  brown  precipitate,  was  obtained. 
From  the  supernatant  liquid  no  haemin  crystals  could  be  obtained,  but 
on  adding  tincture  of  guaiacum  and  hydrogen  peroxide  a  blue  colour 
was  obtained.  Tlic  deposit  in  the  second  specimen  of  urine  contained 
in  addition  a  large  number  of  pus  cells  (about  one  to  every  eight  red 
cells),  some  of  which  had  ingested  red  cells,  and  a  few  blood  casts 
and  brown  granular  casts. 


Fig.  71.  Blackwater  Fever,  Case  2.  Temperature  Chart. 

In  the  succeeding  four  specimens  of  urine  the  deposit  consisted 
chiefly  of  pus  cells,  some  of  which  contained  red  cells  or  brown 
pigment  ;  also  m  smaller  amount  red  cells,  partly  or  wholly 
decolourised,  and  granular  brown  pigment,  the  latter  preponderating 
over  the  former  ;  brown  granular  pigment  casts,  occasionally  hyaline 
casts ;  squamous  epithelial  cells ;  cylindrical  epithelial  cells ;  and 
bacteria,  present  in  abundance  in  the  urine  immediately  after 
being  passed.  The  supernatant  liquid  was  free  from  odour  of 
decomposition,  was  turbid,  of  a  dark  amber  colour,  neutral  m  reaction, 
and  gave  on  acidifying  and  boiling  one-fifteenth  column  0! 
coagulated  proteid  of  a  light  brown  colour  ;  on  adding  tincture  of 
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giiaiacum  and  hydrogen  peroxdde  a  faint  blue  colour  was  obtained  ; 
no  bands  of  haemoglobin  or  urobilin  were  seen  on  spectroscopic 
examination. 

In  the  remaining  specimens  of  urine  the  deposit  consisted  almost 
entirely  of  pus  cells,  sometimes  in  shreddy  masses.  In  addition 
granular  casts,  epithelial  cells  and  abundant  bacteria  were  present. 

A  week  after  recovery  the  urine  still  contained  pus  cells  and 
bacilli. 

Owing  to  the  absence  of  oxyhaemoglobin  bands  in  the  centri- 
fugalised  urine  at  the  time  of  examination,  and  the  presence  of  pus, 
it  was  impossible  to  determine  the  amount  of  dissolved  haemoglobin 
which  may  have  been  originally  present  in  the  urine. 

Black  WATER  Fever.  Case  3. 


Male,  forty-seven  years  of  age.  Engineer.  European. 


First  came  to  Nyasaland  ten  years  ago.  Had  fever  every  two  or 
tiree  months  during  the  first  four  years  of  his  residence  in  Nyasaland. 
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Eight  years  ago  he  had  his  first  attack  of  blackwater  fever.  This 
attack  was  very  severe,  and  he  continued  to  pass  blackwater  for  five 
days.  The  next  two  years  he  suffered  from  a  good  deal  of  fever,  and 
had  three  more  attacks  of  blackwater  fever.  He  stated  that  after 
each  of  these  attacks  he  had  a  relapse.  During  the  next  six  years  he 
had  but  little  fever,  and  no  further  attack  of  blackwater  fever,  He 
used  to  take  about  twenty  grains  of  quinine  a  week  during  the  6rst 
five  years  he  spent  in  Nyasaland,  but  has  taken  hardly  any  for  the 
last  five  years. 

During  the  last  two  months  he  has  been  living  m  a  very  wet  camp,  j 
but  remained  comparatively  well  until  about  a  week  ago,  when  he  had  i 
a  severe  attack  of  fever.  This  passed  off,  but  was  followed  by  j 
another  two  days  later,  and  by  still  another  on  the  next  day.  He  j 
took  five  grams  of  quinine  on  the  third  day  of  his  illness  and  ten 
grains  on  the  fourth  day,  previously  not  having  taken  any  for  over  a 
year.  On  the  fifth  day  he  was  admitted  to  hospital,  and  given  five 
grains  of  quinine.  T.  ior6°F.  | 

6th  day.  Slept  badly,  perspired  freely  during  the  night.  Quinine 
bihydrochloride  in  solution  was  administered  in  five  gram  doses  at 
7  a.m.,  9  a.m.  and  noon.  At  2  p.m.  he  slept  for  an  hour,  but  awakened 
feeling  chilly.  At  3  p.m.  T.  101°  F.,  and  at  3-30  p.m.  he  passed  red 
urine.  At  6  p.m.  T.  104°  F.,  complained  of  pain  in  chest  and  legs. 
Had  a  good  deal  of  retching,  bringing  up  a  little  bile-stained  fluid, 
At  7  p.m.  T  100°  F.,  pulse  104.  Complained  of  flatulency,  skin  was 
of  a  very  distinct  lemon  yellow  tint.  Spleen  easily  palpable. 

7th  day.  Troubled  greatly  with  flatulency.  Vomiting  was  very 
troublesome.  At  6  a.m.  T.  gg°  F.,  pulse  78-  9  P  ™-  I00'2°F.| 

the  vomiting  was  less  troublesome. 

8th  day.  Patient  much  better.  T.  ioo°  F.  at  6  a.m. 

gth  day.  Felt  quite  well.  Skin  still  of  a  lemon  yellow  colour, 
spleen  enlarged  and  hard,  and  extended  three  fingers’  breadth  below  , 
costal  margin. 

Condition  of  blood. — 5th  day,  at  3-30  p.m.  Patient’s  oxalated 
plasma  was  of  a  dark  orange  colour  with  no  red  tint.  Oxyhaemo-  c 
globin  bands  were  faint,  the  blood  plasma  containing  O' 16  per  cent,  of  f 
oxyhaemoglobin.  No  autolysin  present.  A  few  malarial  parasites,  . 
but  no  pigmented  leucocytes,  were  found  in  the  blood. 


6Lh  day.  At  6  p.m.  patient’s  oxalated  plasma  was  of  a  dark 
orange  colour  with  a  distinct  reddish  tint.  Oxyhaemoglobin  bands 
were  distinct,  the  blood  plasma  containing  O' 57  per  cent,  of  oxyhaemo¬ 
globin.  No  autolysin  present.  No  malarial  parasites  or  pigmented 
leucocytes  were  found  in  the  blood.  At  10  p.m.  patient's  oxalated 
plasma  was  of  a  dark  orange  colour  with  a  distinct  reddish  tint. 
Oxyhaemoglobin  bands  were  distinct,  the  blood  plasma  containing 
0’4  per  cent,  of  oxyhaemoglobin.  No  autolysin  present  in  the  plasma. 
No  malarial  parasites  or  pigmented  leucocytes  were  found  in  the 
blood. 

/th  day.  At  11-45  patient's  oxalated  plasma  was  light  yellow 
coloured,  with  no  reddish  tint.  Oxyhaemoglobin  bands  were  faint, 
the  blood  plasma  containing  0-8  per  cent,  of  oxyhaemoglobin.  No 
autolysin  was  present  in  the  plasma,  and  no  malarial  parasites  or 
pigmented  leucocytes  wer.e  found  in  the  blood. 

The  following  observations  were  made  at  37°  C.  with  the  patient’s 
red  blood  cells  suspended  in  0'9  per  cent,  sodium  chloride  solution  to 
which  cpiinine  bihydrochloride  had  been  added  :  -  - 


No.  of 

experi¬ 

ment. 

Composition  of  Mixture  of  Red  Blood  Cells  and 
Quinine  Solution. 

Haemolysis. 

2*5  of  %  emulsion  of 
red  blood  cells 

1 

0*9  %  solution  of 
sodium  chloride 

1-92  %  solution  of 
quinine  bihydro- 
diloride 

i 

0*4  c.c. 

2*0  c.c.  1 

01  c.c. 

Complete  in  .1  hour 

z 

0-5  c.c. 

2*4  c.c.  1 

0‘I  c.c. 

Complete  in  i  hour 

0-65  c.c. 

3-0  c.c.  j 

o-i  c.c. 

Complete  in  ij  hours 

4 

0'8  c.c. 

4*6  c.c. 

1 

O'l  c.c. 

Complete  in  2J  hours 

8th  day.  At  10  a.m.  patient’s  oxalated  plasma  was  orange 
coloured.  Oxyhaemoglobin  bands  were  faint,  the  blood  plasma 
containing  0'08  per  cent,  of  oxyhaemoglobin.  On  examination  with 
the  aid  of  the  haemocrit,  the  patient’s  blood  was  found  to  contain 
20  per  cent,  by  volume  of  red  cells.  A  haemoglobinometer  reading  of 
30  divisions  of  Von  Fleischl’s  scale  was  obtained  (equivalent  to  O'og 
per  cent,  of  wet  red  cells).  A  haemocytometer  enumeration  gave  the 
following  figures;— Red  corpuscles,  2,612,500  per  mm.^ ;  leucocytes, 
5,470  per  mm.3  Red  cell  index  =  0-58.  No  autolysin  present.  No 
parasites  and  no  pigmented  leucocytes  were  seen  in  the  blood. 


The  subsequent  specimens  of  the  urine  were  amber  coloured, 
contained  no  deposit,  and  gave  no  precipitate  on  acidifying  with  acetic 
acid  and  boiling. 


BLyVCKWATER  FEVER.  CASE  4. 

Male,  about  thirty-five  years  of  age.  Clerk.  Indian. 

Has  lived  in  Nyasaland  for  the  last  seven  years,  and  has  had  a 
good  deal  of  malaria  during  this  time.  About  ten  months  ago  he  had 
an  attack  of  blackwater  fever,  since  which,  except  for  occasional  severe 
headaches,  he  has  been  perfectly  well.  He  has  hardly  taken  any 
quinine  since  this  attack  of  blackwater  fever. 

On  the  first  day  of  the  present  illness  he  had  a  very  severe  head¬ 
ache,  and  felt  feverish  about  mid-day  to-day.  At  3  p.m.  T.  103°!. 
He  took  ten  grains  of  quinine.  At  7  p.m.  he  took  five  grains  0 
quinine.  At  g  p.m.  he  had  a  slight  rigor.  During  the  night  he  states 
that  he  had  great  frequency  of  micturition,  passing  water  about 
twenty-five  times  in  very  small  quantities. 

2nd  day.  When  he  got  up  this  morning  he  found  that  his  urine 
was  of  a  dark  red  colour.  He  passed  urine  five  times  to-day,  tlie 
colour  increasing  until  mid-day,  and  then  gradually  decreasing. 
Vomited  once  this  morning. 

3rd  day.  Headache  still  troublesome ;  no  vomiting ;  the  urine 
cleared  up  this  morning. 

4th  day.  Patient  better  ;  the  urine  was  amber  coloured. 

5th  day.  Patient  practically  well.  T.  g8'2°  F.  The  urine  was 
amber  coloured.  Spleen  large,  reaching  one  and  a  half  inches  below 
the  costal  margin. 

6th  day.  Five  grains  of  quinine  bihydrochloride  was  given  by  the 
mouth,  and  three  grains  subcutaneously.  The  urine  remained  amber 
coloured. 

From  the  7th  to  the  13th  day  the  patient  remained  well,  and  Ik 
urine  continued  to  be  amber  coloured.  Three  grains  of  quiniiif 
bihydrochloride  were  administered  thrice  daily  during  this  period. 

14th  day.  The  patient  commenced  to  feel  unwell  again  last 
evening.  This  morning  he  was  worse,  and  had  lumbar  pains,  whicl 
did  not  descend  into  the  testicles  or  thighs.  He  vomited  several 
times.  He  took  one  dose  of  three  grains  of  quinine  this  inorniaf 
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At  mid-day  he  had  a  slight  rigor,  and  about  2  p.m.  he  passed 
Burgundy-red  urine.  At  3  p.m.  T.  104-2°  F.  Spleen  enlarged  and 
easily  palpable,  extending  about  two  fingers’  breadth  below  the  costal 
margin. 

I  sth  day.  Patient  was  better  to-day,  and  the  urine  was  amber 
coloured. 

i6th  day.  Patient  quite  well  to-day.  Ilis  recovery  continued 
uninterruptedly. 

Condition  of  blood. — 5th  day.  At  10  a.m.  patient’s  oxalated 
plasma  was  of  a  dark  orange  colour  with  no  red  tint,  containing  o'o6 
per  cent,  of  oxyhaemoglobin.  No  methaemoglobin  bands  were 
observed.  No.isolysin  and  no  iso-agglutination  of  the  red  cells 
was  present.  A  haemocytoineter  enumeration  gave  the  following 
figures: — Red  cells  =  4, 1 40,000  per  mm.^  No  malarial  parasites 
and  no  pigmented  leucocytes  were  found  in  the  blood. 

6th  day.  On  examination  of  blood  films,  no  malarial  parasites  or 
pigmented  leucocytes  were  seen. 

i6th  day.  At  10  a.m.  patient’s  oxalated  plasma  was  of  a  light 
yellow  colour  with  no  red  tint,  containing  O’ 13  per  cent,  of  haemo¬ 
globin.  No  autolysin  present. 

The  following  observations  were  made  at  37°  C.  with  the  patient’s 
red  blood  cells  suspended  in  O'g  per  cent,  sodium  chloride  solution  to 
which  quinine  bihydrochloride  had  been  added  ;  — 


No.  of 
experi¬ 
ment. 

Composition  of  Mi.xture  of  Red  Blood  Cells  and 
Quinine  Solution. 

Haemolysis. 

2'5  %  emulsion  of 
red  blood  cells 

0'9  solution  of 
sodium  diloridc 

1*92  solution  of 
quinine  bihydro¬ 
chloride 

I 

0*65  c.c. 

3’0  c.c. 

O' I  c.c. 

Partial  at  end  of  3  hours. 

2 

0’8  c.c. 

3'6  c.c. 

OM  c.c. 

.Vlmost  complete  at  end  of 

3  hours. 

3 

1*05  c.c. 

^  4-6  c.c. 

O-I  C.C. 

Trace  at  end  of  3  hours. 

Condition  of  urine.—  On  the  ist  day,  in  the  evening  the  urine  was 
of  a  dark  red  colour. 


2nd  day.  The  urine  was  porter  coloured  all  day. 
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3rd  day.  The  urine  was  amber  coloured. 

4th  day.  The  urine  was  dark  amber  colour,  sp.  gr.  I'oiS,  no 
deposit  on  centrifugalising,  no  oxyhaemoglobin  bands,  and  no 
precipitate  on  acidifying  with  acetic  acid  and  boiling. 

From  the  5th  day  until  the  13th  day  the  urine  possessed  the  same 
characters  as  on  the  4th  day. 

14th  day.  The  urine  became  red  again  this  afternoon  about 
2  p.m. 

15th  day.  The  I'ed  colour  of  the  urine  continued  all  day,  but  began 
to  clear  towards  evening. 

1 6th  day.  The  urine  was  amber  coloured  and  slightly  alkaline. 
On  centrifugalising  there  was  a  slight  deposit,  consisting  almost 
entirely  of  granular  casts  and  masses.  No  red  cells  nor  stromata.  A 
few  columnar  epithelial  cells  and  triple  phosphate  crystals.  Slight 
precipitate  on  acidifying  with  acetic  acid  and  boiling. 

17th  day.  The  urine  was  amber  coloured,  and  gave  no  precipitate 
on  acidifying  and  boiling. 

.Subsequent  specimens  of  the  urine  were  amber  coloured  and 
normal. 


Blackwater  Fever.  Case  5. 

Male,  thirty-seven  years  of  age.  Cook.  Goanese. 

Has  been  in  Nyasaland  for  ten  months.  States  that  he  has  not 
suffered  from  attacks  of  malaria.  Six  months  ago  had  an  attack  of 
blackwater  fever ;  was  ill  for  one  month,  the  haemoglobinuria 
extending  over  ten  days  and  gradually  subsiding,  without  any  relapses 
occurring.  Has  not  had  any  other  illnesses. 

1st  day.  Illness  commenced  with  rigor  and  profuse  sweating. 
Anorexia,  but  no  vomiting.  Has  not  had  quinine. 

2nd  day.  Illness  continues.  Took  ten  grains  of  quinine. 

3rd  day.  Rigor  commencing  at  6  a.m.,  accompanied  by  sever? 
constitutional  disturbance.  Passed  port-wine-coloured  urine.  Ha' 
lumbar  pain  (bilateral)  not  extending  into  testes  or  groins.  Took  ten 
grains  of  quinine. 

4th  day.  Urine  became  lighter  in  colour,  was  finally  faintly  red 
coloured.  Heart  and  lungs  normal.  Spleen  enlarged,  projecting  at 
end  of  respiration  about  one  inch  below  costal  margin.  Splenic 


dulness  increased.  Liver  dulncss  normal ;  liver  not  palpable.  Is 
extremely  weak.  Took  ten  grains  of  quinine. 

5th  day.  Urine  at  first  red,  became  later  dark  amber  coloured 
with  no  red  tint.  Is  very  anaemic  and  weak.  Pain  at  epigastrum. 
Complexion  sallow.  Quinine  discontinued. 

Subsequently  patient’s  recovery  was  uninterrupted.  No  relapse 
occurred. 

Cojidition  of  blood. — 5th  day.  Blood  smear  towards  close  of 
haemoglobinuria,  at  i  p.ni.,  contained  no  malarial  parasites. 

6th  day.  Examination  made  at  10  a.m.,  twelve  hours  after  haemo¬ 
globinuria  had  ceased.  Blood  plasma  of  light  amber  colour ;  no 
autolysin  present ;  gives  faint  oxyhaemoglobin  bands,  O’  1 3  per  cent, 
of  haemoglobin  being  present  in  solution.  No  malarial  parasites 
present  in  blood  smear.  The  following  observations  were  made  at 
37°  C.  with  the  patient’s  red  blood  cells  suspended  in  O’Q  per  cent, 
sodium  chloride  solution  to  which  quinine  bihydrochloride  had  been 
added ; — 


No.  of 
experi- 
ment. 

Composition  of  Mixture  of  Red  Blood  Cells  and 
Quinine  Solution. 

Haemolysis. 

2*5  %  emulsion  of 
red  blood  cells 

0'9  %  solution  of 
sodium  chloride 

1*92%  solution  of 
quinine  bihydro¬ 
chloride 

I 

0’2  c.c. 

1*2  c.c. 

0*1  c.c. 

Complete  at  end  of  4  hour 

0-5  c.c. 

2*4  c.c. 

0*1  c.c. 

Complete  at  end  of  i  hour 

3 

0-05  c.c. 

4.6  c.c. 

0*1  c.c. 

Partial  at  end  of  3  hours 

4 

17  c.c. 

7*2  c.c. 

0*1  c.c. 

Unaffected  at  end  of  3  hours 

Condition  of  5th  day  (sample  of  twenty-four  hours’  urine). 

Sp.gr.  1018;  neutral  to  litmus  paper;  colour,  brownish  amber; 
contains  a  small  amount  of  brownish  deposit ;  after  centrifugalisation 
the  supernatant  liquicT  gave  no  oxyhaemoglobin  bands  on  spectro¬ 
scopic  examination;  on  acidifying  and  boiling,  about  one-fiftieth 
column  of  brownish  Avhite  precipitate  was  obtained. 

6th  day.  Characters  as  above,  except  that  on  acidifying  and 
boiling  slight  turbidity  appeared,  but  no  precipitate. 
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'file  deposit  in  the  urine  consists  of  liyaline  masses  of  casts  filled 
with  refractile  granules  of  a  faint  brownish  colour  (Fig.  25,  p. 
Many  of  the  casts  or  masses  contain  remains  of  nuclei,  and  sometimes 
vacuoles  are  also  seen.  No  red  cells  or  stromata.  No  brown 
amorphous  deposit.  No  crystals. 

Additional  note.  At  the  end  of  two  and  a  half  months  another 
attack  of  blackwater  occurred,  terminating  fatally  at  the  end  of  three 
days.  Patient  was  not  seen  by  a  medical  man,  and  no  further 
particulars  of  his  illness  were  obtainable. 

Blackwater  Fever.  Case  6. 

Male,  about  thirty-nine  years  of  age.  Locomotive  inspector, 
European. 

Has  lived  in  Rhodesia  for  fourteen  years.  First  came  to  Nyasa- 
land  five  months  ago.  Has  had  a  good  deal  of  malaria,  both  in 
Rhodesia  and  Nyasaland.  Three  years  ago  he  had  an  attack  of  black¬ 
water  fever,  and  a  second  attack  a  year  later.  Never  taken  quinine 
unless  ill.  Four  days  ago  he  began  to  feel  ill,  but  was  able  to 
continue  at  his  work  until  yesterday,  when  he  was  decidedly  worse. 
He  thought  he  had  malaria,  and  took  three  doses  of  quinine  of  ten 
grains  each. 

1st  day.  Was  very  unwell  all  to-day,  and  in  the  evening  he 
noticed  that  his  urine  was  red.  T.  103°  F. 

2nd  day.  The  urine  continued  red  all  day,  and  the  patient’s 
general  condition  was  unchanged.  Vomiting  very  troublesome; 
spleen  enlarged  and  palpable.  T.  g8'2°  F. 

3rd  day.  Patient  was  rather  better  this  morning.  Urine  became 
clear  during  the  morning.  Vomiting  was  still  troublesome.  T.  gST, 

4th  day.  Vomiting  ceased,  and  patient  felt  much  better.  Urine 
amber  coloured.  T.  g8'2°  F. 

Condition  of  blood. — 3rd  day.  At  4  p.m.  the  oxalated  plasma  was 
found  to  be  of  a  dark  orange  colour  with  no  red  tint,  and  gave  in  a 
column  18  mm.  high  faint  bands  of  oxyhaemoglobin,  equal  to  o’lfipet 
cent,  of  haemoglobin.  No  isolysin  and  no  iso-agglutinin  were  present 
in  the  patient’s  blood  plasma.  No  parasites  and  no  pigmented  leuco¬ 
cytes  were  found  in  the  blood. 

Condition  of  urine. — ist  day.  In  the  evening  the  urine  was 
porter  coloured. 


Ujl 

jnd  clay.  The  urine  remained  porter  coloured  all  day. 

3rd  day.  This  morning  the  urine  was  light  red.  Later  m  the  day 
it  cleared  up,  becoming  dark  amber  coloured,  sp.  gr.  roi4,  acid.  There 
was  a  slight  deposit  on  centrifugalising,  consisting  of  granular  casts, 
few  red  cells  and  epithelial  cells.  The  supernatant  fluid,  when 
examined  with  the  spectroscope,  gave  no  bands  of  oxyhaemoglobin 
or  methaemoglobin.  There  was  a  slight  whitish  precipitate  on 
acidifying  with  acetic  acid  and  boiling. 

4th  day.  Urine  was  amber  coloured,  sp.gr.  roi6,  no  deposit  on 
centrifugalising,  and  no  precipitate  on  acidifying  and  boiling. 

Blackwater  Fever.  Case  Oa. 

.See  history  of  preceding  attack  (Case  6).  Has  remained  in  good 
health  since  his  last  attack  of  blackwater  fever  about  two  months  ago, 
with  the  e.xception  of  one  attack  of  malaria  which  occurred  about 
three  weeks  ago.  During  the  past  two  months  he  has  only  taken  an 
occasional  ten-gram  dose  of  quinine.  Yesterday  evening  he  did  not 
feel  very  well,  and,  consequently,  took  ten  grains  of  quinine  and  went 
to  bed. 

1st  day.  Patient  got  up  this  morning  feeling  better,  and  took 
another  ten  grains  of  quinine.  Later  in  the  day  he  began  to  feel  very 
ill,  and  had  to  go  to  bed  again.  At  7-30  p.m.  T.  103-4°  F..  At  8  p.m. 
he  passed  blackw^ater.  Vomiting  very  troublesome.  At  1 1  p.m. 
T.  100-2°  F. 

2nd  day.  Condition  unchanged  to-day.  Urine  brownish  coloured. 

3rd  day.  Patient  was  rather  exhausted.  Vomiting  troublesome. 
Skin  and  conjunctivae  of  a  lemon-yellow  colour,  ft  was  impossible 
to  satisfactorily  palpate  the  spleen  owing  to  the  rigidity  with  which 
the  abdominal  walls  were  held.  Urine  of  brow-nish  colour. 
'1'.  98-2°  F. 

4th  day.  Patient  rather  better,  but  vomiting  was  still  severe. 
The  urine  had  almost  completely  cleared  during  the  morning. 

5th  day.  .The  vomiting  had  stopped,  and  the  urine  was  amber 
coloured. 

Condition  of  blood.  3rd  day.  At  4'3'^  p.m.  patient’s  oxalated 
plasma  was  of  a  pale  orange  colour  with  no  red  tint,  containinp-  o-lfi 
per  cent,  of  haemoglobin.  No  autolysin  was  present  in  the  plasma, 
and  no  parasites  or  pigmented  leucocytes  were  found  in  the  blood. 


Subsequently  the  urine  was  amber  coloured  and  normal. 


Case  7. 


JiLACKWATKR  Fe\ER. 

M;ile,  thirty-lwo  years  of  age.  Clerk.  Ifurasian. 

Has  been  in  Nyasaland  for  six  years.  One  month  alter  coming 
into  the  country  had  an  attack  of  malaria  lasting  ten  days.  Nine 
months  later  had  blackwater  fever.  Suffered  from  malaise  for  about 
a  fortnight,  gradually  getting  wor.se.  Then  observed  that  his  urine 
was  of  a  reddish-black  colour,  resembling  stout.  Vomited  severely, 
and  had  general  aching  pains.  Comple.xion  became  sallow,  was  very 
weak.  At  end  of  three  days  urine  became  normal.  Patient  was  well 
again  at  end  of  ten  days.  Two  and  a  half  years  ago  had  dysentery. 
Six  months  ago  had  malaria,  his  temperature  at  the  time  reaching 
105°  F. 


1st  day  of  illnes.s.  Felt  ill,  and  went  to  bed  in  the  afternoon. 

2nd  day.  Did  not  feel  very  well  m  the  morning,  Imt  did  not  leave 
off  work.  At  four  o’clock  in  the  afternoon  had  an  attack  of  ague  and 
went  to  bed  again,  shivering  and  sweating  very  much.  Took  ten 
grains  of  ciuinine  in  five-grain  doses. 
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3rd  day.  In  the  murning  patient’s  temperature  was  not  raised 
p'elt  fairly  well,  except  for  an  empty  feeling  at  the  stomach  and  a 
sense  of  weakness.  In  the  afternoon  vomited  several  time.s,  and  in 
the  evening  had  a  temperature  of  104  h.  Noticed  that  his  urine  was 
somewhat  high  coloured,  but  this  he  did  not  think  unusual.  Took 
fifteen  grains  of  quinine,  in  five-grain  doses,  during  the  day. 

4th  day.  Noticed  that  his  colour  was  sallow,  and  on  passing  his  ||, 
urine  observed  that  it  resembled  stout,  being  dark  coloured.  Has 
pain  in  the  hypogastric  region.  Has  had  pain  in  loins  for  last  three 
days,  but  no  general  pains,  as  rvas  the  case  during  the  previous  attack 
of  blackwater  fever.  No  constitutional  disturbance.  Temperature 
normal.  The  viscera  appear  healthy.  No  recognisable  enlargement 
of  the  spleen.  Is  anaemic  and  sallow. 

5th  day.  Urine  amber  coloured.  General  condition  good. 
Appetite  fair.  Temperature  normal. 

Recovery  was  uninterrupted,  no  relapse  occurring. 

Condiiion  of  blood.  4th  clay,  12-30  p.m.  Blood  plasma  of  dark 
orange  colour,  no  reddish  tint  being  observable  ;  gives  faint  oxy- 
haemoglobin  bands  in  a  column  eighteen  millimetres  high,  0  13  per 
cent,  of  dissolved  haemoglobin  being  present ;  no  autolysin  present 
The  following  observations  were  made  at  37°  C.  with  the  patient- 
red  blood  cells  suspended  in  O’g  per  cent,  sodium  chloride  solution,  to  j 
which  quinine  bihydrochloride  had  been  added. — 


No.  of 

Composition  of  Mixture  of  Reo  Blood  Cells  and 
Quinine  Solution. 

Haemolysis. 

ment. 

2*5  %  emulsion  of 
red  blood  cells. 

0*9  %  solution  of 
sodium  chloride. 

1-92  %  solution  of 
quinine  bihydro¬ 
chloride. 

0'2  c.c. 

1*2  c.c. 

o.i  c.c. 

Complete  nt  end  of  3)'' 

2 

0*5  c,c. 

2*4  c.c. 

0*1  c.c. 

Complete  at  end  ofiU 

3 

+ 

1*05  c.c. 

1*7  c.c. 

4*6  c.c. 

7*2  c.c. 

0*1  c.c. 

0*T  c.c. 

I*artial  at  end  of  3  Wi' 
Unaffected  at  end  of 

7th  day.  Blood  smear  negative. 

8th  day.  Blood  plasma  of  light  orange  colour,  contains  aWl 
0'06  per  cent,  of  dissolved  haemoglobin. 


'')5 


Con// i/Jun  of  urine.  I'lie  cliaractcrs  of  the  urine  arc  given  in  the 

following  table  :  — 


D.itc. 

Amoiinl. 

Specific 

gravity. 

Reaction. 

Co  In  nr. 

Amount  and  appear¬ 
ance  of  deposit'. 

Spcctniscoiiic  examination 

0.30  a.ni. 

650  c.c. 

1  -030 

Sliglitly 

alkaline 

Porter  coloured 

,!  col.  (lark  brown 

No  oxy liaemoglobin  bands 

4.15  „ 

1 90 

— 

Alkaline 

n 

col.  dark  brown 

q.-^o  p.ni. 

140  „ 

— 

llrown  amber 

Less  than  above 

n  It 

.  1.40  a.ni. 
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roT/ 

Acid 

Dark  amber 

Very  slight 

7.20  „ 

'5°  » 

1  ’027 

Amber 

n 

1.30  p.ni. 

190  „ 

1  'OT  5 

n 

I.ight  amber 

n 

6.0  ,, 

1.^0  „ 

1  'OIO 

5? 

'J'he  deposit  present  in  the  urine  on  the  fourth  day  consisted  of 
granular  masses  and  casts,  the  granules  being  fine,  apparently 
rcfractile,  and  brown  in  colour,  held  together  by  hyaline  material.  A 
few  renal  epithelial  cells  were  seen.  No  red  blood  cells  or  stromata. 
No  ci'ystalline  deposit. 

On  centrifugalising  the  first  specimen  of  urine  the  supernatant 
liquid  was  found  to  be  quite  clear,  of  a  dark  brown  colour  without  any 
reddish  tint,  and  on  acidifying  and  boiling  gave  about  one-twentieth 
column  of  a  light  brown  flocculent  precipitate.  The  amount  of 
dissolved  liaemoglobin  originally  present  was  therefore  small, 
presumably  not  exceeding  O' 15  per  cent.  The  total  amount  of  haemo¬ 
globin  in  the  urine  apparently  did  not  exceed  that  contained  in 
gSo  X  o'ooi  5  =  1-5  c.cm.  of  healthy  red  cells. 


BLACKWATER  FEt’ER.  CASE  ya. 

Male,  thirty-two  years  of  age.  Clerk.  Eurasian. 

(For  account  of  previous  attack  of  blackwater  fever,  two  months 
ago,  see  preceding  report.) 

W  as  well  up  to  ten  days  ago,  when  he  had  febrile  disturbance, 
attributed  to  malaria,  and  commenced  taking  ten  grains  of  quinine 
every  day.  As  his  temperature  did  not  become  normal  he  increased 
the  amount,  five  days  ago,  to  fifteen  grains  a  day.  Ilis  temperature 
then  rose  to  104°  F.,  the  rise  being  accompanied  by  a  rigor  and  cramp 
of  the  stomach,  and  followed  by  profuse  sweating.  Patient  expected 


that  this  would  be  the  forerunner  of  an  attack  of  blackwater,  but  lih 
urine  remained  clear  and  amber  coloured.  Four  days  ago,  and  again 
three  days  ago,  fifteen  grains  of  quinine,  m  two  and  a  half  grain  doses, 
were  taken.  His  temperature,  however,  still  remained  persistently 
high.  Two  days  ago  he  took  twelve  and  a  half  grains  of  quinine; 
yesterday  he  took  fifteen  grains.  During  the  last  three  days  drank 
little  fluid  and  passed  little  urine. 

ist  day.  During  the  night  patient’s  temperature  rose  to  105°  F. 
At  S  a.m.  passed  3  50  c.cm.  of  dark  red  urine.  Has  considerable  consti¬ 
tutional  disturbance.  Skin  and  conjunctivae  of  a  yellow  colour. 
Sweating  profusely.  Spleen  enlarged,  projecting  about  one  and  a 
quarter  inches  below  the  costal  margin  at  the  end  of  inspiration, 
From  this  day  onwards  no  more  quinine  was  taken  by  patient. 

2nd  day.  Temperature  remains  low.  General  condition  good. 
Somewhat  depressed.  Vomiting  of  green  and  yellow  bile-stained 
mucus,  troublesome.  Pulse  good,  feels  fairly  comfortable.  Skin  still 
fairly  yellow.  Urine  amber  coloured;  total  amount  18  c.cm. 

3rd  day.  Vomiting  continues,  otherwise  general  condition  good. 
Pulse  not  feeble.  Began  to  perspire  when  a  hot  pack  was  applied, 
his  temperature  rising  to  I02°2F.  Total  urine  21  c.cm.  Received 
intravenously  at  4  p.m.  one  litre  of  O'g  per  cent,  solution  of  sodium 
chloride.  Slight  rigor  one  hour  later.  General  condition  showed 
considerable  improvement  after  saline  injection.  Vomiting  ceased. 
Retained  two  pints  of  fluid  drink. 

4th  day.  General  condition  good.  Received  subcutaneously 
800  c.cm.  of  saline  solution.  Felt  much  better  after  injection.  Total 
urine  1  i  c.cm. 

5th  day.  FI  ad  a  good  night.  General  condition  remarkably 
good.  Vomited  greenish  bile  on  one  occasion  only.  Takes  a  little 
semi-fluid  food.  Total  urine  17  c.cm. 

6th  day.  General  condition  good.  Slight  vomiting  once  to-day. 
Takes  and  retains  a  little  food.  Flad  slight  dyspnoea  twice  yesterday. 
Total  urine  35  c.cm. 


Img.  74.  Black  water  Fever,  Case  7a.  Temperature  Chart. 
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■8th  day.  General  condition  has  remained  good  until  to-day.  [<; 
now  letharg'ic  and  feeble.  Has  occasional  dyspnoea.  Had  Cheyne- 
.Stokes  respiration  for  a  short  time  last  night.  Vomiting  recommenced 
to-day.  Vomited  three  times  this  morning.  In  the  evening  dyspnoea  , 
increasedj  e.specially  after  slight  movement  in  bed,  patient  became 
restless  and  his  extremities  cold.  Slight  anasarca  of  hands  and  face 
A  few  fine  rales  at  lower  borders  of  lungs,  breath  sounds  loud  and  ^ 
harsh  generally.  Total  urine  41  c.cm.  i 

gth  day.  .Slept  last  night  after  administration  of  morphia.  Mucli  1 
inpiroved  again  this  morning.  Total  urine  23  c.cm. 

IC 

loth  day.  Excej.it  for  dysjinoea  is  fairly  comfortalilc.  Died 
suddenly  at  5  ji.m.  from  cardiac  failure.  Total  urine  43  c.cm. 

(] 

Condition  of  blood. —  ist  day,  10  a.m.  Blood  jilasma  of  deep  j, 
orange  colour,  no  distinct  reddish  tint  being  recognisable  with 
certainty ;  contains  074  per  cent,  of  dissolved  haemoglobin ;  no  t 
autolysin  jiresent.  No  malarial  parasites  present  in  blood  smear,  \ 
The  following  observations  were  made  at  37°  C.  with  the  patient's,' 
red  blood  cells  susjiended  in  eg  per  cent,  sodium  chloride  solution  to  ^ 
which  quinine  bihydrochloride  had  been  added  :  1 


No.  of 
experi- 
ment. 

Composition  or  Mi.xtiire  of  Red  Blood  Cem.s  .snd 
Quinine  Solution. 

H.iemolvsii. 

2*5  %  emulsion  of 
red  blood  cells 

0-9  %  solution  of 
sodium  chloride 

1*92  solution  of 

quinine  bihydro¬ 
chloride 

I 

0*5  c.c. 

2*4  c.c. 

O’ I  c.c. 

Complete  in  i  hour. 

2 

0-65  c.c. 

3-0  c.c. 

O’ I  c.c. 

Complete  in  2  houn 

3 

0'8  c.c. 

y6  c.c. 

O’T  c.c. 

Marked  in  3  houri. 

4 

\-o^  c.c. 

4-6  c.c. 

O’ I  c.c. 

Trace  in  3  hours. 

5 

I-.-!  c.c. 

5-6  c.c. 

O’  t  c.c. 

Trace  in  3  hours. 

I. 

t 
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Condition  of  urine.  The  characters  of  the  urine  are  given  in  the 

following  table  ; 

1 

Specific 

Amount  and  appear- 

Spectroscopic  examination. 

Date. 

Amount. 

gravity. 

Reaction. 

Colour. 

ance  of  deposit. 

t  [lay,  5-0  a.m. 

350  c.c. 

1-032 

Alkaline 

Dark  porter 

3^  col.  brown 

Oxyhaemoglobin,  no  met- 

coloured 

haemoglobin 

45 

1-028 

Neutral 

col.  brownish 

Faint  Og  Hb.  bands,  no 
methaemoglobin  bands 

black 

3° .. 

1*020 

55 

ih  )'  » 

Same  as  preceding 

„  >1 

12  „ 

1*022 

Faintly 

Dark  red  black 

sir  .. 

Strong  O2  Hb.  and  met- 

alkaline 

haemoglobin  bands 

td  day,  9.30  a.m. 

'5  .. 

1 .010 

Alkaline 

Port-wine  coloured 

1 

3?T  ’5  u 

Oxyhaemoglobin,  no  met- 

haemoglobin 

„  i.o  p.m. 

I'5  .! 

— 

5) 

Brown 

Very  Slight 

No  haemoglobin 

„  2.0  „ 

1-5  .. 

— 

15 

Yellow 

5) 

55 

d  dav,  12.30  a.m. 

— 

55 

55 

15 

55 

„  3.15  p.m. 

>5  .. 

— 

51 

Brownisli  amber 

55 

55 

„  7-°  .. 

3  5) 

— 

55 

55 

55 

55 

li  d.-iy,  4.0  a.m. 

^•5  .. 

— 

»1 

Light  yellow 

1’ 

55 

,  '0-°  » 

4  ,. 

— 

55 

55 

51 

55 

„  7.30  p.m. 

4'5  n 

— 

55 

55 

55 

55 

b  day,  7.0  a.m. 

6  „ 

1-012 

55 

clear  yellow 

55 

55 

„  11.30  a.m. 

5  51 

— 

5) 

55 

51 

55 

„  3'0 

3  » 

— 

55 

>5 

55 

55 

...  6-3°  .. 

3  11 

— 

55 

55 

55 

55 

S  it  day,  8.0  a.m. 

18  „ 

1*010 

55 

55 

55 

55 

J  -.  '2.3°  ., 

— 

55 

55 

55 

55 

5-3°  » 

7  .. 

— 

55 

55 

55 

55 

..  7-30 

— 

Faintly 

55 

55 

5) 

alkaline 

i  day,  2.0  a.m.  - 

'5  .. 

1*01  £; 

Alkaline 

Light  yellow 

51 

55 

„  5.0  a.m. 

15 

55 

,, 

15 

51 

1)  ^^*3^  51 

«  „ 

51 

Faintly 

„ 

15 

55 

alkaline 

..  3-30  P-m. 

8  „ 

5) 

Alkaline 

5) 

55 

„  9.30  ., 

8  „ 

15 

55 

55 

55 

51 

..  ".5  „ 

3  1) 

— 

55 

5) 

55 

55 

1  day,  4.0  a.m. 

12  „ 

1*014 

55 

55 

55 

51 

,1  12.30  p.m. 

9  „ 

51 

55 

55 

55 

51 

3-30  » 

7 

— 

5) 

55 

"  ^'3°  „ 

7  „ 

1*015 

55 

5) 

»  10.0  „ 

.  day,  2.30  p.m. 

6  „ 

13 

1-018 

55 

Faintly 

55 

55 

55 

by  catheter) 

alkaline 

„  5.30  p.m. 

3-5 

1*015 

Alkaline 

7-0  „ 

day,  lo.o  a.m. 

7  „ 

43  11 

55 

55 

55 

Faintly 

55 

55 

55 

(by  catheter) 

alkaline 

The  total  amount  of  urine  passed  on  the  first  day  was  397  c.c. ;  on 
the  succeeding-  nine  days  the  average  daily  amount  was  28'5  c.c. 
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The  deposit  in  the  urine  on  the  first  day  consisted  of  yellowish 
brown  granules,  forming  a  precipitate,  or  arranged  in  masses  or  in 
well  defined  casts  (Fig.  29,  p.  100);  the  individual  granules  reaching 
up  to  4‘5/“  ill  diameter;  unaltered  red  cells  in  small  numbers  (not 
present  in  the  first  .specimen  of  urine);  sejuamous  epithelial  cells-  ' 
and  (in  the  first  specimen  only)  triple  phosphate  crystals.  Siibsp-  I 
quently  the  amount  of  deposit  became  very  small  and  consisted,  even  f 
m  the  last  specimen,  of  red  cells  ;  coarse  granular  casts  surrounded  hy  ' 
renal  tubule  cells  (Fig.  32,  p.  104);  granular  debris;  and  renal  cells,  |' 
isolated  or  in  groups.  j 

The  first,  third,  fourth  and  fifth  specimens  of  urine  gave  (after 
centrifugalisation)  the  following  percentages  of  haemoglobin,  deter-  ' 
mined  by  means  of  a  comparison  spectroscope:  0'4i  per  cent; 
ri  per  cent.  ;  r2  per  cent.  ;  0'8  per  cent.  These  estimations  of  the 
oxyhaernoglobin  actually  present  do  not  represent  the  amounts 
actually  passing  into  the  urine  in  the  kidney,  since  much 
of  the  haemoglobin  had  been  decomposed.  On  comparing  the  I 
chocolate  brown  precipitate  obtained  with  that  yielded  by  boiling  s  J 
mixture  of  blood  and  urine,  it  was  found  that  the  samples  of  urine  If 
were  matched  as  follows:  —  ist,  with  r8  per  cent,  of  haemoglobin; 
3rd,  with  2' 5  per  cent,  of  haemoglobin;  4th,  with  3‘5  per  rent,  of 
haemoglobin  ;  5th,  with  3’5  per  cent,  of  haemoglobin.  The  total  [ 
haemoglobin  lost  by  the  kidneys  on  the  first  day  did  not  therefore  I 
exceed  6-4  +  o'qq  +  075  +  0-42  +  0'52  =  g'od  g.  of  wet  red  blootl  | 
cells.  The  yellow  coloured  urine  subsequently  pas.sed  contained  ]-  to  t 
§  column  of  coagulable  proteid  of  a  slightly  brownish  white  colour,  F 

Post-mortem  examination. — Body  well  nourished.  .Skin  no  longer  ft 
sallow.  Subcutaneous  tissue  oedematous  generally.  i 

Peritoneal  cavity  contained  about  goo  c.cm.  of  clear  yellowish  fluid  I 
Spleen  much  enlarged  :  bin.  long,  qin.  broad,  and  2in.  thick.  Spleen 
smear  showed  ])hagocytosis  of  red  blood  cells,  but  no  malarial 
parasites  or  pigment.  Liver  somewhat  enlarged,  milky  opacity  on 
surface,  some  congestion.  Kidneys  markedly  enlarged,  measuring 
slightly  more  than  sin.  in  length,  3in.  in  breadth,  and  i|-in.  in 
thickness;  capsule  stripped  readily;  corte.x  not  markedly  congested, 
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brown  in  colour  ;  ])yrami(ls  swollen,  dark  almost  black,  with  a  striated 
asjiect ;  mucous  membrane  of  pelvis  showed  punctate  ecchymoses ; 
superficial  ecchymosis  on  surface  of  left  kidney,  about  half  an  inch 
m  diameter.  Intestines  distended  with  g-as.  Stomach  empty; 
mucous  membrane  congested. 

Recent  pleural  adhesions  on  right  side  ;  older  adhesions  on  left 
side;  pleural  cavities  obliterated.  Lungs  emphysematous  ;  .scars  on 
surface  of  upper  lobe  near  apex ;  numerous  calcified  and  caseous 
nodules.  Bronchial  glands  enlarged,  not  tubercular.  Pericardium 
contained  about  lo  c.cm.  of  clear  3--ellowish  fluid;  valves  of  heart 
liealthy  ;  myocardium  somewhat  pale;  cavities  of  heart  small. 

Bladder  normal  in  aspect.  Suprarenals  unaltered.  Pancreas 
natural  in  appearance. 

Microscopical  exannna/tun.  The  kidney's  presented  marked  dis¬ 
tension  of  the  tubules  and  malpighian  capsules.  In  some  of  the 
tubules  solid  material  consisting  of  coarse  brown  granules,  rarely 
exceeding  5/1  in  diameter,  together  with  irregular  masses  formed  b_v 
the  aggregation  of  these  granules,  and  sometimes  also  free  epithelial 
cells  and  finely  granular  or  flocculent  material,  were  found  partly 
filling  the  lumen  of  the  tubule  ;  further  details  are  given  on  |jp. 
TO/-118.  The  interstitial  tissue  was  free  from  haemorrhage  and 
showed  no  cell  infiltration  or  increase  of  connective  tissue.  The 
blood  vessels  contained  no  malarial  pigment. 

Ihe  liver  showed  slight  fatty  change  and  some  congestion,  but 
no  cirrhosis.  There  was  no  pigment  in  the  liver  cells  and  no  malarial 
pigment  in  the  blood  vessels  of  the  liver. 

The  spleen  exhibited  no  malarial  pigment. 

Blackwater  Fe\'er.  Case  S. 

Male,  about  thirty-eight  years  of  age.  Joiner.  C'hinaman. 

Has  lived  in  Delagoa  Bay  and- Chinde  for  ten  years.  First  came 
to  Nyasaland  two  years  ago.  During  this  lime  he  has  had  a  consider- 
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able  amount  of  fever,  but  has  never  previously  had  blackwater  fever, 
Mas  rarely  taken  quinine  except  after  an  attack  of  fever. 

He  commenced  to  be  ill  with  fever  three  days  ago.  Stayed  in  bed 
and  took  fifteen  grains  of  quinine  on  this  and  on  each  of  the  two 
following  days. 

4th  day.  At  2  p.m.  he  had  a  rigor,  T.  I04'4°F.,  and  shortly 
afterwards  passed  porter  coloured  urine.  Had  slight  vomiting. 

5th  day.  Patient  felt  better  this  morning.  The  vomiting  had 
ceased,  and  the  urine  during  the  morning  became  almost  clear.  About 
noon  the  urine  became  red  again.  At  2-30  p.m.  T.  102°  F.  Vomiting 
was  troublesome.  The  spleen  was  enlarged  and  easily  palpable. 

f)th  day.  Patient  better  to-day.  Urine  amber  coloured.  At 
10  a.m.  three  grains  of  quinine  bihydrochloride  were  given  hypo¬ 
dermically,  and  at  2  p.m.  two  and  a  half  grains  were  given  by  the 
mouth. 


/th  day.  About  noon  to-day  there  was  a  slight  relapse,  the  urme 
becoming  claret  coloured.  One  grain  of  quinine  was  given  thiee 
times  to-day. 

8th  day  to  13th  day.  Quinine  bihydrochloride  was  administered 
thrice  daily  in  two  grain  doses.  The  urine  remained  amber  coloured 
during  this  period. 

14th  day.  Three  grains  of  quinine  bihydrochloride  were  given 
thrice  daily. 

15th  day.  Patient  remained  well,  no  further  relapse;  the  urine 
continued  to  be  amber  coloured. 

Condi/ ion  of  blood.  5th  day.  At  1-45  p.m.  patient’s  oxalated 
plasma  was  of  a  deep  orange  colour,  with  no  red  tint,  containing 
0-13  per  cent,  of  haemoglobin.  No  bands  of  methaemoglobin  were 
seen  on  examining  a  column  of  the  plasma  1 8  mm.  deep.  N® 
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nutolysin  was  present  in  the  plasma,  and  no  parasites  or  pigmented 
leucocytes  were  found  in  the  blood.  The  following  observations 
were  made  at  37°  C.  with  the  patient’s  red  blood  cells  suspended  in 
o'Q  per  cent,  sodium  chloride  solution  to  which  quinine  bihvdrochloride 
had  been  added  : 


C'oMPostTioN’  OK  Mixturk  OF  Rf.d  Rlood  C’f.i.i.s  a\d 
QiTixrbTE  Solution. 

No.  of 

experi- - 

moot. 

2*5  %  emulsion  of  0*9  %  solution  of  1-92  solution  of 
red  blood  cells  sodium  chloride  quinine  bihydro¬ 
chloride 


I  rRcmolvuj. 


I 

0'4  c.c. 

2-0  c.c. 

O*  I 

c.c. 

Complete  at  end  of  i  hours 

2 

0*5  c.c. 

2*4  c.c. 

OM 

c.c. 

Complete  at  end  of  3  hour* 

3 

0-65  c.c. 

3*0  c.c. 

0*1 

c.c. 

Complete  at  end  of  3  hours 

4 

0-8  c.c. 

3'6  c.c. 

0‘I 

c.c. 

Complete  at  end  of  3  hours 

5 

1*05  c.c. 

4-6  c.c. 

O’ I 

c.c. 

.'Mmost  complete  at  end  of 

3  hours 

6 

1--',  c.c. 

3*6  c.c. 

0*1 

c.c. 

Slight  at  end  of  3  hours 

7 

i’5  c.c. 

6'4  c.c. 

o-i 

c.c. 

Slight  at  end  of  3  hours 

8 

17  c.c. 

7*2  c.c. 

O' I 

c.c. 

'Trace  at  end  of  3  hours 

6th  day.  At  lo  a.m.  patient’s  oxalated  plasma  was  of  a  deep 
orange  colour,  with  no  red  tint,  containing  o'O/  per  cent,  of  haemo¬ 
globin  in  solution.  No  parasites  or  pigmented  leucocytes  were  found 
in  blood  smears.  The  following  observations  were  made  at  37°  C. 
with  the  patient's  red  blood  cells  suspended  in  op  per  cent,  sodium 
chloride  solution  to  which  quinine  bihydrochloridc  had  been  added  :  — 


Composition  of  Mixture  of  Rf.d  Blood  Cells  and 
Quinine  Solution. 

No.  of 


experi¬ 

ment. 

2' 5  %  emulsion  of 
red  blood  cells 

0*9  %  solution  of 
sodium  chloride  ' 

1*92  S',',  solution  of 
quinine  bihydro¬ 
chloride 

Haemolysis. 

I 

o*^  c.c. 

2'4  c.c. 

OM  c.c. 

Complete  at  end  of  3  hours 

2 

0-65  c.c. 

3'0  c.c. 

o*r  c.c. 

C'omplete  at  end  of  3  hours 

3 

^  0*8  c.c. 

3-6  c.c. 

0*1  c.c. 

Complete  at  end  of  3  hours 

4 

1*05  c.c. 

4'6  c.c. 

0*1  c.c. 

Slight  at  end  of  3  hours 

1*3  c.c. 

5'6  c.c. 

OM  c.c. 

'Prace  at  end  of  3  hours 

6 

1*5  c.c. 

l-4  c.c. 

OM  c.c. 

Nil  at  end  of  3  h<uirs 
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J^LACKWATER  KeVER.  CaSE  Q. 

Male,  thirty-eight  years  of  age.  Contractor.  European. 

Has  been  in  the  7'ropics  for  fifteen  years.  Has  had  d3'senlery 
twice,  the  last  attack  two  years  ago.  Has  had  ‘  fever  ’  (malaria)  man)- 
times.  Has  siiftered  from  rheumatic  pains.  Has  not  had  lilackwater 
fe\er  before  present  attack. 

Has  not  been  feeling  well  for  some  weeks.  Apjietite  has  been 
poor.  Has  been  inclined  to  doze  in  daytime.  For  the  last  three 
weeks  has  had  ‘fever,’  for  which  he  has  been  taking  a  Durban  patent 
‘  cure.’  His  urine  has  been  of  a  dark  brownish  colour  for  last  six 
weeks.  Yesterday  took  nine  grains  of  quinine  in  tabloid  form. 

1st  day.  f  hinks  he  passed  blackwater  in  the  morning  wlicn  at 
stool,  but  regarded  the  colour  of  his  urine  as  due  to  bile.  Took  nine 
grains  of  quinine  during  the  day.  Stayed  indoors  and  had  a  rigor  at 
mid-day,  when  he  passed  more  blackwater,  which  he  still  regarded  as 
due  to  bile.  At  6  p.m.  his  urine  was  porter  coloured,  about  tyo  c.cm. 
being  passed.  Temperature  at  this  time  104-2  F. 

2nd  day.  Constitutional  disturbance  continues.  Urine  still 
remains  porter  coloured.  Vomited  about  twenty  times  during  evening 
and  night. 

jrd  day.  l.h'ine  still  red.  Lighter  coloured  in  evening. 

4th  day.  Urine  at  first  red,  later  became  amber  coloured. 

5th  clay.  During  the  2nd,  3rd,  4th  and  5th  days  only  about 
Ooo  c.c.  of  urine  was  passed,  together  with  a  small  but  inconsiderable 
amount  in  the  stools,  and  suppression  of  urine  was  feared.  Cardiac 
action  feeble. 

6th  day.  Passing  urine  more  freely. 

/th  day.  Continues  to  pass  urine  freely.  Is  ver}-  pale  and 
anaemic,  but  not  wasted.  Not  sallow.  Pulse  hard  and  sharp,  of  high 
tension.  Cardiac  dulness  abolished.  Apex  beat  cannot  be  felt,  but  the 
first  sound  is  at  a  maximum  three  and  a  half  inches  from  midsternal 
line  and  about  half  an  inch  inside  the  nipple  line.  No  adventitious 
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suuuds.  Second  sound  al  liase  over  aortic  orifice  accentuated.  Live; 
not  palpable.  Liver  dulncss  not  increased.  Spleen  extends  at  the 
end  of  inspiration,  about  four  inches  beyond  the  costal  margin.  Spleim; 
dulness  consideralily  increased.  During  the  attack  of  blackwater  has 
had  pain  in  loins,  not  descending  into  testes  or  thighs. 

Condilion  of  blood.  8th  day.  On  pricking  patient’s  finger  the 
blood  obtained  was  watery  in  aspect.  The  red  cells  were  relatively 
small  in  amount,  and  rapidly  sank  in  the  (oxalated)  plasma.  Plasma 
light  yellow,  gives  a  faint  oxyhaemoglobin  spectrum,  but  no  metliae- 
moglobin  bands,  in  a  layer  eighteen  millimetres  high  ;  amount  o 
dissolved  haemoglobin  is  less  than  0’o6  per  cent.  On  testing  fo; 
autolysin  (eight  hours  after  withdrawal  of  blood)  complete  haemolysis 
was  obtained  in  two  and  a  half  hours  ( 1  able  29) ;  bacteria  were,  how¬ 
ever,  present  at  the  time.  (On  testing  blood  plasma  for  aiitolysiii 
three  and  a  half  months  later  a  negative  result  was  obtained.) 

No  malarial  yrarasites  found  in  blood  smear.  The  following  obser¬ 
vations  were  made  at  37°  C.  with  the  patient's  red  blood  cells, 
suspended  in  O'Q  per  cent,  sodium  chloride  solution  to  which  quinine 
bihydrochloride  had  been  added  ;  — 


Composition  of  Mixturf.  of  Rf.d  Blood  Cells  and 
Quinine  Solution. 


Xo-  nf 
experi- 
iiicnt. 


2';  %  emulsion  of 
red  blood  cells 

0*9  %  solution  of 
sodium  chloride 

1-92%  solution  of 
quinine  bihytlro- 

1 

0-65  c.c. 

3*0  c.c. 

chloride  | 

O't  c.c. 

2 

■  0-8  c.c. 

3-6  c.c. 

0*1  c.c. 

3 

1*05  C.C. 

4-6  c.c. 

0*1  c.c. 

Haemolysis. 


Complete  in  i  hour 
Complete  in  2^  houri 
Trace  at  end  of  3  hoiin 


Condilion  of  urine. — 8th  day.  Yellow  in  colour.  On  adding! 
drop  of  acetic  acid  and  boiling  becomes  cloudy,  and  an  inconsiderable 
amount  (about  a  jiV  column)  of  whitish  precipitate  is  formed.  Contain! 
a  small  amount  of  suspended  matter  consisting  chiefly  of  pus  cdls, 
together  with  squamous  epithelial  cells  and  a  few  granular  raassei 
or  casts  of  a  faint  brownish  tint;  no  red  cells  or  stromata;  i 
granular  pigment. 


JiLACKVVATER  1''E\  EK.  CASK  Id. 


Male,  twenty-six  years  of  age.  Engineer.  European. 

Has  lived  in  Nyasaland  for  two  }'ears,  and  during  this  time  he  has 
had  a  considerable  amount  of  fever.  He  has  taken  vei)-  little  quinine 
during  the  last  tw'elvc  months.  About  three  weeks  ago  he  had  a 
severe  attack  of  fever  which  lasted  four  or  li\e  days.  A  few  da)-s 
later  he  was  lun  over  by  a  trolley,  and  has  been  conhncd  to  lied  more 
or  less  since.  He  ivas  unable  to  sleep  and  felt  very  ill.  Three  days 
ago  he  felt  particularly  unwell  and  had  a  sore  throat.  The  next  day 
his  temperature  w^as  102°  F.,  and  he  took  seven  and  a  half  grains  of 
quinine.  Yesterday  his  temperature  was  103“  F.,  and  he  took  another 
seven  and  a  half  grains  of  quinine. 

1st  day.  He  felt  better  this  morning  and  took  ten  grains  of 
quinine  and  was  able  to  get  up.  At  noon  he  had  five  grains  of 
quinine  and  took  a  short  walk.  At  4  p.m.  he  suddenly  felt  v'ery  ill. 
He  had  a  severe  rigor.  T.  105°  F.  At  5  p.m.  he  passed  blackwater. 
Elad  troublesome  vomiting  and  flatulency  all  night. 

2nd  day.  Vomiting  had  ceased  and  patient  felt  I  letter.  Spleen 
enlarged  and  easily  palpable,  extending  one  and  a  half  inches  below 
the  costal  margin. 

3rd  day.  Patient  was  better  to-day ;  the  urine  was  not  so  darkly 
coloured. 

4th  day.  About  noon  there  w'as  a  relapse.  T.  103°  F. 

5th  da}/.  Patient  admitted  to  hospital  this  evening.  Blackwater 
continued.  T.  103°  F. 

6th  day.  The  urine  was  amber  coloured  this  morning.  About 
noon  It  became  red  again,  but  cleared  up  in  the  afternoon.  There 
was  another  relapse  late  in  the  evening. 

/th  da}/.  The  urine  remained  coloured  all  day;  in  the  evening 
T.  103-6°  F. 

8th  day.  Urine  still  contained  haemoglobin.  Quinine  bihydro- 
chloride  was  given  in  solution  in  two  and  a  half  grain  doses  at  6  a.m. 

and  9  a.m.  T.ater  in  the  day  the  urine  became  amber  coloured. 
1'.  102-4° 
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gth  (lay.  The  urine  was  coloured  ajjain  this  mornini^,  but  cleared 
u]i  111  the  evening.  Quinine  bih^-drochloride  was  given  as  before  in 
two  doses  of  two  and  a  half  grains  each.  T.  102°  !•’. 

loth  day.  The  urine,  which  was  clear  this  morning,  became 
deeply  red  coloured  about  mid-day.  Quinine  bihydrochloride  was 
given  in  solution  in  three  doses  of  three  and  three  quarter  grains 
each.  T.  104°  F.  Patient  appeared  to  be  in  fairly  good  condition. 

nth  day.  The  urine  remained  clear  all  day.  Quinine  bihydro 
chloride  was  given  in  three  doses  of  five  grains  each.  T.  ioo-6°  F. 

1 2lh  day.  There  was  another  slight  relapse  this  morning.  Quinine 
bihydrochloride  was  given  again  in  three  doses  of  five  grains  each 
T.  103°  F. 

13th  day.  The  urine,  which  had  become  amber  coloured 
yesterday  afternoon,  was  again  red  about  noon  to-da}’.  Quinine 
bihydrochloride  was  given  in  three  doses  of  five  grains  each. 
T.  102° F. 

14th  day.  There  was  a  slight  brownish  coloration  of  the  urine 
about  noon  to-day,  but  no  detectable  amount  of  haemoglobin.  No 
quinine  was  given  to-day.  T.  103°  F. 

15th  day.  Urine  normal  all  day.  No  quinine  given.  T  101°  F. 

iGth  day.  Urine  normal.  No  quinine  given.  T.  I00‘4°  F. 

Patient  remained  welt  and  had  no  further  relapses.  About 
fourteen  days  later  small  doses  of  quinine  were  commenced  and  the 
quantity  gradually  increased  until  fifteen  grains  were  given  daily. 
No  further  relapses  occurred 

Condition  of  blood. — ■2nd  day.  At  ii  a.m.  patient’s  o.xalated 
plasma  was  of  a  deep  orange  colour  with  a  distinct  reddish  tint,  and 
gave  marked  bands  of  oxyhaemoglobin  in  a  column  18  mm.  high, 
representing  0-85  per  cent,  of  dissolved  haemoglobin.  Faint  bands 
of  methaemoglobin  were  visible.  No  autolysin  was  present  in  the 
serum,  and  no  parasites  or  pigmented  leucocytes  were  found  in  the 
blood.^  The  following  observations  were  made  at  37°  C.  with  the 
patient’s  red  blood  cells  suspended  in  o-g  per  cent,  sodium  chloride 
solution,  to  which  quinine  bihydrorhloride  had  been  added. 
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Composition*  of  Mixture  of  Red  Blood  Cells  axd 
Qutn’IKE  Sot.utiox. 


No.  of 
expcri- 
menr. 


Hacmohsis. 


2*5  emulsion  of 

red  blood  cells 

0*9  solution  of 

sodium  chloride 

1-92  %  solution  of 
quinine  bihydro- 
chloride 

I 

0*4  c.c. 

2*0  C.C. 

0*1  c.c. 

Complete  at  end  of  i  hour 

2 

0’5  c*c. 

2-4  c.c. 

0*1  c.c. 

Complete  at  end  of  i  hour 

3 

0-65  c.c. 

3*0  c.c. 

o* I  c.c. 

Complete  at  end  of  2  hours 

4 

0-8  c.c. 

V6  c.c. 

0*1  c.c. 

Complete  at  end  of  2.1houti 

1*05  C.C. 

4' 6  c.c. 

0*1  c.c. 

Trace  at  end  of  1  hours 

6 

1*3  C.C. 

5‘6  c.c. 

0* i  c.c. 

Nil  at  end  of  3  hours 

51x1  clay.  At  10-30  a.m.  patient’s  oxalated  plasma  was  deep 
orange,  with  no  red  tint,  containing  O'og  per  cent,  of  haemoglobin  m 
solution.  The  bands  of  methaemoglobin  were  visible  but  faint.  No 
parasites  or  pigmented  leucocytes  were  found  in  the  blood. 

Sth  day.  At  i  T  a.m.  patient’s  oxalated  plasma  was  a  deep  orange 
colour  and  gave,  in  a  column  18  mm.  high,  distinct  oxyhaemoglobin 
bands,  the  amount  of  dissolved  haemoglobin  being  0‘3  per  cent.  The 
methaemoglobin  bands  were  just  visible.  No  autolysin  present  in 
the  plasma.  The  appearance  of  the  blood  when  withdrawn  was 
distinctly  watery.  No  parasites  or  pigmented  leucocytes  were  found 
in  the  blood.  The  following  observations  were  made  at  37°  C.  with 
the  patient’s  red  blood  cells  suspended  in  O'Q  per  cent,  sodium 
chloride  solution,  to  which  quinine  bihydrochloride  had  been  added. 


No.  of 
experi¬ 
ment. 


Composition*  of  Mixture  of  Red  Blood  Cells  and 
Quinine  Solution. 


Haemolysis. 


red  blood  cells 


0*9  %  solution  of 
sodium  chloride 


1*92  solution  of 
quinine  bihydro- 
chloridc 


0*5  c.c. 
0-65  c.c. 
0*8  c.c. 


Complete  at  end  of  i  hour 
Complete  at  end  of  zhouu 
\'‘cry  marked  at  end  of  jboun  | 
Trace  at  end  of  3  hours 


6th  day.  At  ii  pm.  patient’s  oxalated  plasma  was  of  a  dark 
orange  colour  with  no  red  tint ;  it  gave  distinct  oxyhaemoglobin 
bands,  0’2  per  cent,  of  haemoglobin  being  present  in  solution.  No 
parasites  or  pigmented  leucocytes  were  found  in  the  blood. 


Date  and  time.  Amount.  Sp.  gr.  Reaction.  ,  Colour.  Appearance  and  amount  of  deposit.  Spectroscopic  Amount  of  hacmoglobi 

I  examination. 


^  S.'s’  s-£ 

TS  tC 

i  -r 

H  i  6jo  C 

“  3.H  o 

u  •  ' 

St  3 

S  "3  62 

^&.=f 

o  r= 

°5i 

2:j;-Hi 
= '-»  s  .= 

IS' 

r2 

3 

-  -f-  f5 

c  .ts  ^ 

^  c 

“.s'  «  M  S 

lJ.I:l  :  i 

S  dC  &  O  ^  ^ 

5  E  S  .o-o 
t  S  a.  =  -.J  .D 

•3  i  S  T5 

.ii'§  ■ . 

"  3  D  i  St 

g  ^  «t  e 
o  — 

^  ‘1 
.S  y 

:  :  ! 

(corresponding 

haemoglobin). 

c  precipitate  o 

lolumn. 

slight  precip 

difying  and  bo 

(corresponding 

haemoglobin). 

:  precipitate  or 
and  boiling  c 

aint  cloud  on  a 
1  boiling. 

»» 

ccipitatc  on  a 
I  boiling. 

2  -5  ^  rt 

SC  V 

-  Z  at, 

JS  S 

v£ 

t-  ” 

o 

r3 

3 

- 

r*  X 

6 

6 

> 

2 


EC  J  -O 

Si  is-e 


2  -S  i 

'  —  3  .£ 


i  S  2  -  =  £• 

!  5  ^ 

O.  C  C  ^  » 


1 


5.® 


o  o  o  o  o  o  o 


ti  0  V  0 

S£  a£ 


=  E 


•  q  q  o 

•  fs,  M  l^sO 


li'llff 


■Si 


:rr.'  ' 

■j'iii; 


Sliil-: 


21/ 


Blackwater  Fever.  Case  ii. 

Male,  thiriy-eig-hL  years  of  age.  Locomotive  inspector.  European. 

I'lrst  came  to  Nyasaland  nine  months  ago,  and  has  lived  chiefly  in 
Port  Herald  and  the  Lower  Shire  district.  Previous  to  coming  to 
Nyasaland  he  had  spent  five  years  in  Rhodesia.  During  the  last 
nine  months  he  has  had  a  good  deal  of  malaria  but  has  never 

previously  had  blackwater  fever.  He  has  very  rarely  taken  any 

quinine.  During  the  last  week  he  has  been  very  unwell,  and  two 
days  ago  he  took  ten  grains  of  quinine.  The  next  day  he  felt  no 
better,  but  took  no  more  quinine. 

1  St  day  of  present  illness.  At  9  a.m.  he  felt  very  ill  and  Look  ten 
grains  of  quinine.  At  10-15  a.m.  he  passed  porter-coloured  urine 
and  again  at  11-30  a.m.  T.  103°  F.  During  the  remainder  of  the 
day  patient  was  very  restless  vomited  several  times,  and  passed  no 
more  urine. 

2nd  day.  Slept  a  little  during  the  night  and  took  larg'c  quantities 
of  fluid  by  the  mouth.  At  to  a.m.  he  passed  a  little  urine, 

which  was  porter  coloured.  Vomited  several  times.  Skin  and 

conjunctivae  of  a  very  distinct  lemon  yellow  tint.  Spleen  easily 
palpable.  T.  i05°IL  At  5  p.m.  T.  101°  F. 

3rd  day.  Had  a  very  bad  night ;  passed  no  urine  during  the 
night.  Continued  to  take  large  quantities  of  fluid  by  the  mouth.  At 
3-30  p.m.  he  passed  10  c.cm.  of  dai'k  red  urine.  At  6  p.m.  the  skin  was 
very  sallow  and  the  conjunctivae  lemon-yellow.  T.  101°  F.  Vomiting 
and  hiccough  very  troublesome. 

4th  day.  Slept  very  little.  T.  100°  F.  Urine  amber  coloured. 
The  total  amount  of  urine  passed  during  the  day  was  48  c.cm. 

5th  day.  Condition  of  patient  was  unchanged.  Urine  amber 
coloured.  Temperature  normal.  The  total  amount  of  urine  passed 
during  the  day  was  92  c.cm. 

6th  day.  Total  amount  of  urine  passed  to-day  was  /3  c.cm. 

/th  day.  Vomiting  and  hiccough  continue.  Total  urine  passed 
during  day  was  93  c.cm. 

8th  day.  Patient  felt  better,  slept  well,  pulse  and  temperature 
normal,  and  the  vomiting  was  not  so  troublesome.  Amount  of  urine 
passed  during  day  was  85  c.cm. 


yth  day.  Patient  liad  a  good  niglit  and  slept  well, 
about  8  c.cin.  of  urine  were  passed.  After  this  no  more 
\’oided,  and  ^■ely  severe  dyspnoea  set  in  about  4  p.m. 

7  p.ni.  patient  died  during  an  attack  of  dyspnoea. 


A'  /  a.ii. 
urine  \v;is 
Finally  ai 


Fit:.  76.  Bladcw.-iter  Fever,  Case  11.  Temperalure  Cliail. 

Condition  of  blood. — 3rd  day.  At  7  p.m.  patient’s  oxalated  plasma 
was  of  a  deep  orange  colour  with  no  reddish  tint,  and  gave  markfl 
bands  of  oxyhaemoglobin  in  a  column  18  mm.  high,  representing  0'.’i 
per  cent,  of  dissolved  haemoglobin.  Methaemoglobin  bands  were 


No.  of 
experi¬ 
ment. 

Composition  or  Wuxture  ok  Red  Blood  Cells  and 
Quinine  Solution. 

Haemolrsls. 

Z'5  emulsion  of 
red  blood  cells. 

0*9  %  solution  of 
sodium  chloride. 

1-92  %  solution  of 
quinine  bihydro¬ 
chloride. 

T 

o*$  c.c. 

2'4  c.c. 

OT  c.c. 

Complete  at  end  of  i  houi 

2 

0*65  c.c. 

VO  c.c. 

0*  r  c.c. 

Complete  at:  end  of  jhoiifi 

3 

0*8  c.c. 

3-6  c.c. 

o-r  c.c. 

Complete  ;it  end  ollll* 

4 

1*05  c.c. 

+■6  c.c. 

o-i  c.c. 

Trace  at  end  of  3 

2Ir) 

also  distinct.  No  autolysin  was  present  in  the  plasma  and  no  malarial 
parasites  or  pigmented  leucocytes  were  found  in  the  tilood.  On 
examination  with  the  aid  of  the  haemocrit  tlic  blood  was  found  to 
centain  i6'3  per  cent,  by  volume  of  red  cells.  'I'lic  above 
observations  were  made  at  3;°  C.  with  the  patient’s  red  bhiod  cells 
suspended  in  O'g  per  cent,  sodium  chloride  solution,  to  which  quinine 
bihydrochloride  had  been  added. 

4th  day.  At  10  a.m.  patient’s  oxalated  plasma  was  of  a  deep 
orange  colour,  but  not  so  deep  as  yesterday.  It  gave  faint  oxyhaemo- 
globin  bands,  O' 16  per  cent,  of  haemoglobin  being  jmesent  in  solution. 
No  autolysin  was  present  in  the  plasma,  and  no  malarial  para.sites  or 
pigmented  leucocytes  were  found  in  the  blood. 

7th  day.  At  10-30  a.m.  patient’s  o.xalatcd  plasma  was  of  a  light 
orange  colour.  Oxyhaeinoglobin  bands  were  faint,  the  ]jlasnia 
containing  o‘i  per  cent,  of  haemoglobin  in  solution.  No  autolysin 
was  present  m  the  plasma,  and  no  parasites  or  pigmented  leucoc}'tes 
were  found  in  the  blood.  On  examining  with  the  aid  of  the 
haemocrit  the  blood  was  found  to  contain  ly'S  per  cent.  b\-  volume 
of  red  cells.  The  following  observations  were  made  at  37°  C.,  with 
the  patient’s  red  blood  cells  suspended  in  o'g  per  cent,  sodium  chloride 
solution,  to  which  quinine  bihydrochloride  had  been  added  ; 


No.  of 
experi¬ 
ment. 

Composition  of  Mixture  of  Red  Blood  Cells  and 
Quinine  Solution. 

Haemolysis. 

2*5  %  emulsion  of 
red  blood  cells. 

0*9  %  solution  of 
sodium  chloride. 

1*92  %  solution  of 
quinine  bihydro¬ 
chloride. 

I 

0*4  c.c. 

2‘0  c.c. 

0*1  c.c. 

Complete  at  end  of  i  hour 

z 

0'5  c.c. 

2*4  c.c. 

0*1  c.c. 

Complete  at  end  of  i  hour 

3 

0-65  c.c. 

3*0  c.c. 

0*1  c.c. 

Complete  at  end  of  i  .1  hours 

+ 

0-8  c.c. 

3-6  c.c. 

o-i  c.c. 

Complete  at  end  of  2  hours 

5 

1*05  C.C. 

3-6  c.c. 

O' I  C’C. 

Trace  at  end  of  3  hours 

6 

1*3  c.c. 

5-6  c.c. 

O' I  c.c. 

Nil  at  end  of  3  hours 

7 

1*5  c.c. 

6-4. c.c. 

O' I  c.c. 

Nil  at  end  of  3  hours 

8 

1*3  c.c. 

4-6  +  r  c.c.  plasma 

O'l  c.c. 

Nil  at  end  of  3  hours 

ConJ-ition  of  the  spleen. —  6th  day.  At  ii  a.m.  a  spleen  puncture 
was  made.  Phagocytosis  of  red  cells  (by  less  than  o'l  per  cent,  of 
the  white  cells)  was  observed.  No  malarial  parasites  or  pigment 
found. 
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Post-mortcru  cxaunnation. — Body  well  nourished,  no  distinct 
yellowness  of  the  skin.  No  oedema  of  the  subcutaneous  tissues 
About  600  c.cm.  of  fluid  in  the  peritoneal  cavity.  The  spleen  was 
considerably  enlarged.  The  liver  was  enlarged  and  pale.  The 
kidneys  were  considerably  enlarged  and  congested  ;  capsules  slightly 
adherent;  cortex  swollen  but  otherwise  not  markedly  altered' 
i:)yrainids  very  dark,  exhibiting  a  striated  appearance  ;  the  pelvis  of 
the  kidney  normal  in  aspect.  The  heart  was  slightly  dilated;  no 
excess  of  fluid  in  the  pericardium  ;  heart  substance  natural  in  aspect; 
valves  of  heart  healthy.  Pleural  cavities  free  from  fluid.  Lungs  not 
congested  or  oedematous.  Mucous  membrane  of  stomach  and 
oesophagus  injected.  The  suprarenals  and  pancreas  presented  no 
change.  Bladder  healthy  in  aspect;  it  contained  about  10  c.cni.  of 
amber  coloured  urine. 

Microscopical  exaniinnlion. — The  kidneys  contained  numerous 
brownish  plugs  or  casts  within  the  uriniferous  and  collecting  tubules. 
These  plugs  were  made  up  of  coarse  granules  5//  to  in  diameter, 
arranged  singly  or  in  groups,  partially  filling  the  lumen  of  the  tubules 
and  fretpiently  accompanied  by  free  epithelial  cells  and  finely  granular 
or  flocculent  deposit.  Further  details  are  given  on  pp.  1O/-119, 
The  renal  tubules  were  dilated.  The  interstitial  tissue  presented  no 
change  in  aspect.  The  blood  vessels  contained  no  malarial  pigment 
The  liver  showed  slight  interlobular  cirrhosis,  but  no  fatty  change 
and  no  malarial  pigment.  No  malarial  parasites  or  pigment  were 
found  in  the  spleen. 

Black  WATER  Fever.  Case  12. 

Male,  thirty-four  years  of  age.  Fitter.  Indian. 

Has  been  in  Nyasaland  for  the  past  eleven,  months,  having 
previously  lived  some  time  in  Uganda.  During  the  last  six  months 
he  has  suffered  from  fever  two  or  three  times  every  month.  He  lias 
never  previously  had  blackwater  fever.  Does  not  habitually  take 
quinine,  but  occasionally  when  he  has  fever  he  takes  five  or  ten 
grains.  He  commenced  to  be  ill  yestorday,  and  took  five  grains  of 
quinine. 

1st  day.  Felt  no  better  this  morning.  y\t  noon  he  had  a  rigor, 
and  took  five  grains  of  quinine.  At  4-:|.5  passed  blackwater. 


jnd  day.  Patient  felt  rather  better  to-day.  T.  Qcy6°  F.  .Spleen 
slifjhtly  enlarged  and  just  palpable  below  co.stal  margin.  Xo 
\’omiting. 

3rd  day.  Patient  appeared  well  to-day.  The  temperature  was 
normal,  and  the  urine  amber  coloured.  Quinine  sulphate  in  solution 
was  given  in  three  doses  of  one  grain  each. 

4th  day.  Quinine  was  given  as  above  in  three  doses  of  two 
grains  each. 

5th  day.  Three  doses  of  three  grains  of  quinine  were 
administered  to-day.  The  patient  continued  well ;  there  was  no 
relapse  of  the  blackwater. 

6th  day.  Three  doses  of  four  grains  of  c[uinine  were  given 
to-day. 

7th  day.  From  to-day  the  patient  took  five  grains  of  quinine 
three  times  daily.  The  patient’s  recover)'  was  uninterrupted. 

Condition  of  blood.-  -inC  day.  At  4-30  p.m.  patient’s  oxalated 
plasma  was  of  a  dark  orange  colour.  It  gave  distinct  oxyhaemo- 
globin  bands,  o'2  per  cent,  of  haemoglobin  being  present  in  solution. 
On  examining  with  the  aid  of  the  haeniocnt,  the  blood  was  found  to 
contain  33  per  cent,  by  volume  of  red  cells.  On  testing  for 
haemolysin  complete  haemolysis  occurred,  but  the  plasma,  which  had 
been  kept  for  twenty-four  hours,  was  found  to  contain  a  considerable 
number  of  bacteria.  No  malarial  parasites  or  pigmented  leucocytes 
were  found  in  the  blood. 

3rcl  day.  At  10-30  a.m.  patient’s  oxalated  plasma  was  of  an 
amber  colour.  It  gave  faint  oxyhaemoglobin  bands,  when  e.xamined 
ill  a  column  eighteen  millimetres  high,  o'l  per  cent,  of  haemoglobin 
being  present  in  solution.  No  autol)'sin  was  present,  and  no  malarial 
parasites  or  pigmented  leucocytes  were  found  in  the  blood. 

Condition  of  the  spleen.  2nd  day.  At  4-30  p.m.  a  spleen 
puncture  was  made.  Phagocytosis  of  red  cells  (by  about  3  per  cent, 
of  white  cells)  was  observed.  No  malarial  parasites  or  pigment 
found. 

3rd  da)c  At  10-30  a.m.  a  spleen  puncture  was  made.  Phago¬ 
cytosis  of  red  cells  (by  about  3  per  cent,  of  white  cells)  was  observed. 
No  malarial  parasites  or  pigment  found. 
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Blackwater  Fever.  Case  13. 

Male,  twenty-nine  years  of  age.  .  Missir)nary.  Furopean. 

Has  been  in  Nyasaland  for  five  years.  From  time  to  time  had 
attacks  of  malaria,  which  were  not  treated  with  quinine.  Had  a 
slight  attack  of  blackwater  above  a  year  ago. 


CASE  13 

DAY  or  DISEASE 

TIME 

fAt..clcuu, 

MOMrilNC 

vc'MiMa 

3 

7 

M 

3  7 

II 

- 

- 

- 

— 

107“ 

106“ 

105“ 

104“ 

-- 

105“ 

102* 

101“ 

100“ 

99° 

_ 

-• 

_ 

-f" 

9J1" 

-1- 

- 

Fig  77.  Blaclcvv;iLer  Fever,  Case  13.  Teinperature  Chart. 

Took  four  grains  of  quinine  yesterday.  Spent  the  day  working, 
in  a  hot  sun,  at  brick-making.  Stated  to  have  been  quite  well. 

This  morning  took  four  grains  of  quinine.  Remained  well  till 
mid-clay.  Became  seriously  ill  at  i  p.m.,  when  he  vomited  black 
material  like  coffee  grounds.  Temperature  was  then  40°  C.  (104°  F.) 
He  was  then  much  distressed,  and  complained  of  pain  in  the  abdomen, 
putting  Jiis  hands  to  the  hypogastric  region.  Passed  red  urine, 
described  as  ‘  looking  like  blood.’  Fie  became  delirious  and  violent, 
and  four  men  were  required  to  restrain  him.  In  his  delirium  bit  the 
forearm  of  another  missionary.  Temperature  continued  to  rise  to 


^  Jlll^ 
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43*^0.  (iog'4°F.).  Patient’s  face  and  hands  became  deeply  ye|lo^v 
Died  at  5  p.m.  Not  seen  by  myself  till  1 1  p.m.,  when  the  urine  and 
vomit  had  been  thrown  away.  Face  and  hands  were  of  a  raarkedly 
brownish  yellow  colour.  Post-mortem  examination  not  permitted. 

Blackwater  Fever.  Case  14. 

Male,  thirty-nine  years  of  age.  Store  assistant.  Indian. 

lias  been  in  Nyasaland  for  five  years.  He  has  had  a  great  deal 
of  fever,  his  temperature  frequently  reaching  102°  or  103°  F.  About 
fifteen  months  ago  he  had  his  first  attack  of  blackwater  fever.  Has 
not  taken  quinine  regularly,  but  only  occasionally  when  ill. 

1st  day  of  illness,  bias  been  feeling  unwell  for  some  time,  but  only 
became  seriously  ill  to-day,  when  his  temperature  rose  to  100°  F.  He 
had  a  severe  headache,  took  ten  grains  of  quinine  sulphate,  and  went 
to  bed. 

2nd  day.  Condition  unchanged.  T.  99'S°  F.  Took  five  grains 
of  quinine.  In  the  evening  his  temperature  had  risen  to  101°  F.,  and 
he  had  another  five  grains  of  quinine.  At  10  p.m.  he  had  a  severe 
rigor.  T.  io5'4°F.  Shortly  afterwards  he  passed  porter  coloured 
urine.  Vomiting  was  very  troublesome. 

3rd  day.  Patient  had  another  severe  rigor  this  morning, 
T.  106°  F.  Severe  vomiting  all  day. 

4th  day.  Condition  unchanged  this  morning.  Skin  and  con- 
junctivae  of  a  lemon  yellow  colour,  spleen  just  palpable.  T.  I03‘’F, 
The  vomiting  was  still  severe,  but  the  urine  was  evidently  clearing  in 
the  evening. 

5th  day.  Patient  much  better,  urine  clear,  vomiting  less  trouble¬ 
some,  temperature  normal. 

Subsequently  the  patient’s  recovery  was  uninterrupted. 

Condition  of  blood. — 4th  clay.  At  5-30  p.m.  patient’s  oxalated 
plasma  was  of  a  reddish  colour  ;  it  gave  in  a  column  eighteen 
millimetres  high  distinct  bands  of  oxyhaemoglobin  and  methaemo- 
globin,  equalling  o‘57  per  cent,  of  haemoglobin  in  solution.  No 
malarial  parasites  or  pigmented  leucocytes  were  found  in  the  blood. 

5th  day.  At  10-45  a.m.  patient’s  oxalated  plasma  was  of  a  deep 
orange  colour  with  no  red  tint,  containing  o' 18  per  cent,  of  haemo-l 
globin.  Methaemoglobin  bands  were  also  distinct.  No  autolysiM 
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present  in  the  plasma,  and  no  malarial  parasites  or  pigmented 
leucocytes  were  found  in  the  blood.  With  the  aid  of  the  haemocrit 
the  patient’s  blood  was  found  to  contain  33-3  per  cent,  by  volume, 


Fig.  78.  Blackwater  Fever,  Case  14.  Temperature  Chart. 


of  red  cells.  The  following  observations  were  made  at  37°  C.  with 
the  patient’s  red  blood  cells  suspended  in  o’p  per  cent,  sodium 
chloride  solution,  to  which  quinine  bihydrochloride  had  been  added  : 


No.  of 
experi¬ 
ment. 

Composition  of  Mixture  of  Red  Blood  Cells  and 
Quinine  Solution. 

Haemolysis. 

2-5  %  emulsion  of 
red  blood  cells 

0*9  %  solution  of 
sodium  chloride 

1-92  %  solution  of 
quinine  bihvdro- 
chloride 

I 

0*5  c.c. 

2*4  c.c. 

0*1  c.c. 

Complete  at  end  of  i  hour 

2 

0*65  c.c 

3-0  c.c. 

0*1  c.c. 

Complete  at  end  of  2  hours 

3 

0*8  c.c. 

3-6  c.c. 

OM  c.c. 

Complete  at  end  of  2  hours 

+ 

i‘05  c.c. 

4*6  c.c. 

0*1  c.c. 

Trace  at  end  of  3  hours 

5 

1-3  c.c. 

5*6  c.c. 

0*1  c.c. 

Nil  at  end  of  3  hours 

ConEilion  of  spleen. — 4th  day.  At  5-30  p.m.  a  spleen  puncture 
was  made.  Phagocytosis  of  red  cells  (by  less  than  i  per  cent,  of 
white  cells)  was  observed.  No  malarial  parasites  or  pigment  found. 
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Blackwater  Fever.  Case  14a. 

Male,  thirty-nine  years  of  age.  .Store  assistant.  Indian. 

See  history  of  preceding  attack  (Case  14).  Has  remained  in 
fairly  good  health  since  his  last  attack  of  blackwater  fever  three 
months  ago. 

1st  day.  lie  felt  unwell  this  morning,  and  took  ten  grains  of 
9uminc.  A.t  2-30  p.m.  he  was  seized  with  a  feeling  of  uneasiness, 
accompanied  by  vomiting  and  shivering.  At  3  p.m.  he  passed  red 
urine.  T.  ior4°  F. 

2nd  day.  Patient  remained  ill  all  day,  passing  porter  coloured 
urine  ;  vomiting  very  severe. 

3rd  day.  Shortly  after  midnight  he  had  a  rather  severe  rigor. 
T.  102°  F.  The  vomiting  continued  all  morning,  but  ceased  in  the 
afternoon,  when  the  patient  felt  much  better.  The  urine,  which  had 
been  amber  coloured  in  the  morning,  cleared  up  later  in  the  day,  and 
towards  evening  was  amber  in  colour. 

4th  day.  Patient  much  better;  the  temperature  was  normal,  and 
the  urine  dark  amber  coloured. 

Subsequently  the  patient's  recovery  was  uninterrupted. 

Condition  of  blood. — 3rd  day.  At  12-30  p.m.  blood  was  with¬ 
drawn  from  the  finger.  The  blood  appeared  watery,  and  patient’s 
o.valated  plasma  was  of  a  deep  orange  colour  with  no  red  tint, 
containing  0-2  per  cent,  of  haemoglobin  in  solution.  Very  faint  bands 
of  methacmoglobin  could  be  detected  in  a  column  eighteen  milli¬ 
metres  high.  On  examination  with  the  aid  of  the  haemocrit,  the 
patients  blood  was  found  to  contain  24  per  cent,  by  volume  of  red 
cells.  A  haemoglobinometer  reading  of  33  divisions  of  von  Fleischl’s 

scale  was  obtained  (equivalent  to  o‘i  per  cent,  of  wet  red  cells) 
Haemoglobin 
Volume  ^  37* 


Subsequent  specimens  of  the  urine  were  amber  coloured  and 
normal. 


Fig.  79.  Blackwater  Fever,  Case  14a.  Temperature  Chart. 


Blackvvater  Fever.  Case  15. 

Male,  twenty-five  years  of  age.  Store-keeper.  European. 

Has  lived  in  Nyasaland  for  six  months  and  has  never  been  in  the 
tropics  previously.  During  this  time  he  has  had  a  good  deal  of  fever. 
Stated  that  he  had  taken  thirty  grains  of  quinine  a  week  regularly 
since  he  has  been  in  Nyasaland,  and  that  in  spite  of  this  he  has 
suffered  considerably  from  malaria.  Fie  has  never  used  a  mosquito 
net.  Began  to  be  ill  three  or  four  days  ago.  Felt  feverish,  had 
anorexia  and  was  unable  to  sleep.  Three  days  before  the  attack 
commenced  he  took  ten  grains  of  quinine.  The  next  day  he  took 
five  grams  of  quinine,  and  the  day  before  the  attack  he  took  five 
grains  of  quinme. 

1st  day  of  attack.  Got  up  about  7  a.m.,  and  took  ten  grains  of 
quinine.  At  4  p.m.  he  noticed  that  his  urine  was  porter  coloured. 
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This  was  the  first  intimation  he  had  that  he  was  suffering  from 
blackwater  fever.  He  had  no  previous  rigor.  T.  I03‘6°  F. 

2nd  day.  Patient  had  a  bad  night,  vomiting  very  troublesome, 
skin  of  a  marked  yellowish  brown  colour.  T.  103°  F.  Twenty-three 
ounces  of  physiological  saline  solution  were  injected  subcutaneously. 

3rd  day.  General  condition  improved  ;  the  vomiting  was  not  so 
troublesome,  and  the  temperature  had  fallen  to  100°  F.  Twenty- 
three  ounces  of  physiological  saline  solution  were  again  injected 
subcutaneously. 

4th  day.  Patient  was  much  better,  and  his  recovery  continued 
uninterruptedly. 

Condition  of  blood.-  -ist  day.  At  9-30  p.m.  patient’s  oxalated 
plasma  was  of  a  dark  orange  colour  with  a  faint  red  tint,  containing 
o'56  per  cent,  of  haemoglobin.  No  autolysin  was  present  in  the 
plasma,  and  no  parasites  or  pigmented  leucocytes  were  found  in  the 
blood.  The  blood  had  a  watery  appearance.  The  following 
observations  were  made  at  37°  C.  with  the  patient’s  red  blood  cells 
suspended  in  eg  per  cent,  sodium  chloride  solution  to  which  quinine 
bihydrochloride  had  been  added:  — 


No,  of 
experi¬ 
ment. 

Composition  or  Mixture  of  Red  Blood  Cells  and 
Quinine  Solution. 

Haemolysis. 

2*5  %  emulsion  of 
red  blood  cells 

0*9  %  solution  of 
sodium  chloride 

1*92  %  solution  of 
quinine  bihydro¬ 
chloride 

I 

0*5  c.c. 

2*4  c.c. 

0‘i  c.c. 

Complete  at  end  of  i  hour 

2 

0-65  c.c. 

3*0  c.c. 

o-i  c.c. 

Complete  at  end  of  2  hours 

3 

0-8  c.c. 

3-6  C.C. 

0‘i  c.c. 

Complete  at  end  of  zjhoufj 

4 

1*05  c.c. 

4*6  c.c. 

0*1  c.c. 

Trace  at  end  of  3  hours 

5 

1-3  C.C. 

5-6  C.C. 

O'T  c.c. 

Nil  at  end  of  3  hours 

2nd  day.  At  i  p.m.  patient’s  oxalated  plasma  was  of  a  dark 
orange  colour  with  no  red  tint,  containing  0'42  per  cent,  of  haemo¬ 
globin.  No  autolysin  was  present  in  the  plasma. 

Condition  of  the  spleen. —  ist  day.  At  10  p.m.  a  spleen  puncture 
was  made.  Phagocytosis  of  red  cells  (by  less  than  i  per  cent  o( 
white  cells)  was  observed.  No  malarial  parasites  or  pigment  found 
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Subsequent  specimens  of  the  urine  were  amber  coloured  and 
normal. 


Male,  thirty-five  years  of  age.  Cook.  Indian.  • 

Has  lived  in  Nyasaland  for  four  years,  and  during  this  time  has 
had  a  good  deal  of  fever,  but  this  has  not  often  been  so  severe  as  to 
necessitate  his  giving  up  work.  Has  never  previously  had  blackwater 
fever.  Has  not  taken  quinine  regularly.  He  began  to  be  ill  with 
fever  and  headache  four  days  ago.  Quinine  bihydrochloride  was 
given  in  solution  in  doses  of  five  grains  three  times  daily.  He 
continued  to  take  this  solution  of  quinine  in  similar  doses  during  the 
next  three  days. 

1st  day.  Patient  passed  blackwater  this  morning.  He  was 
obviously  very  ill,  vomiting  incessantly.  The  skin  and  conjunctivae 
were  yellowish.  T.  ior6°F.  Pie  had  considerable  diarrhoea,  and 
during  the  day  he  passed  six  black  tarry  stools  and  stated  he  had 
been  passing  similar  stools  for  the  past  three  or  four  days. 

2nd  day.  PLs  condition  was  unchanged.  The  spleen  could  just 
be  felt  below  the  costal  margin. 
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3rd  day.  The  urine  was  still  red  coloured,  and  the  vomiting  was 
very  troublesome.  After  to-day  patient  was  unable  to  pass  his  urine, 
and  a  catheter  had  to  be  used  to  draw  it  off.  On  passing  a  catheter 
it  was  found  that  he  had  a  urethral  stricture,  which  rendered  the 
passage  of  the  instrument  difficult. 

4th  day.  General  condition  bad,  pulse  weak  and  frequent,  patient 
very  lethargic.  The  urine,  which  had  cleared  up  during  the  night, 
was  amber  coloured,  and  contained  considerable  quantities  of  albumin. 

qth  day.  Condition  unchanged. 

6th  day.  The  quantity  of  urine  secreted  has  diminished  con¬ 
siderably  in  amount,  being  only  500-600  c.cm.  The  vomiting  persists, 
and  the  pulse  is  very  frequent  and  irregular. 

lOth  day.  Patient  died  at  i  a.m.  this  morning.  During  the  last 
few  days  he  had  sunk  into  a  comatose  condition. 

Condition  of  blood. — 3rd  day.  At  10  a.m.  patient’s  oxalated 
plasma  was  of  a  dark  orange  colour  with  no  red  tint,  containing 
0'2  per  cent,  of  haemoglobin  in  solution.  No  methaemoglobin  bands 
were  visible  in  a  column  of  the  oxalated  plasma  eighteen  millimetres 
high.  No  autolysin  was  present  in  the  plasma,  and  no  malarial 
parasites  or  pigmented  leucocytes  were  found  in  the  blood.  The 
following  observations  were  made  at  37°  C.  with  the  patient’s  red 
blood  cells  suspended  in  o'g  per  cent,  sodium  chloride  solution  to 
which  quinine  bihydrochloride  had  been  added:  — 


No.  of 

Composition  of  Mixi'Ure  of  Red  Blood  Cells  and 
Quinine  Solution. 

ment. 

2*5  %  emulsion  of 
red  blood  cells. 

0*9  %  solution  of 
sodium  chloride. 

1-92  %  solution  of 
quinine  bihydro¬ 
chloride. 

0-65  c.c. 

3-0  c.c. 

0*1  c.c. 

2 

0-8  c.c. 

3*6  c.c. 

0*1  c.c. 

3 

1-05  C.C. 

1  j.*6  C.c. 

o-i  c.c. 

4 

1-3  c.c. 

5-6  c.c. 

0*1  c.c. 

Condition  of  spleen. — 3rd  day 

.  At  1 1  a.m. 

Haemolysis. 


Complete  at  end  of  z  Hour. 
Complete  at  end  of  zjhom 
Partial  at  end  of  3  hours. 
Trace  at  end  of  3  hours. 


a  spleen  puncture 


was  made.  Phagocytosis  of  red  cells  (by  about  i  per  cent,  of  the 
white  cells)  was  observed.  No  malarial  parasites  or  pigment  found 
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Post-niorton  examination. — Body  fairly  well  nourished.  Skin 
sallow.  No  signs  of  decomposition.  Rigor  mortis  well  marked.  No 
e.vcess  of  fluid  m  the  pericardial  cavity  ;  heart  muscle  healthy ;  valves 
of  heart  normal ;  no  atheroma  of  aorta.  Pleura  free  from  adhesions, 
no  effusion  in  pleural  cavities.  Lungs  markedly  congested  and 
oederaatous,  no  tubercle  present.  No  fluid  in  the  peritoneal  cavity, 
Liver  healthy  in  aspect.  Spleen  slightly  enlarged.  'Fhe  kidneys 


Fig.  81.  Blackivater  Fever,  Case  16.  Teicperature  Chart. 


were  slightly  enlarged ;  capsules  stripped  readily ;  cortex  not 
markedly  altered  in  naked  eye  aspect ;  pyramids  dark,  presenting  a 
striated  appearance  on  section,  the  collecting  tubules  being  easily 
seen  with  the  naked  eye  ;  pelvis  of  kidney  normal.  Suprarenals  and 
pancreas  normal.  Stomach  and  intestines  normal.  Bladder,  which 
contained  a  little  amber  coloured  urine,  was  normal  in  appearance. 
The  brain  and  its  membranes  presented  no  macroscopic  change. 

Microscopic  examination.  The  kidneys  exhibited  in  many  of  the 
uriniferous  and  collecting  tubules  plugs  of  brownish  material  made  up 
of  granules,  5//  to  2ix  or  less  in  diameter,  and  granular  masses, 
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together  with  epitlielial  cells  and  flocculenl  debris  ;  further  details  are 
given  on  pp.  1 19-123.  The  lumen  of  the  uriniferous  tubules  was  wide, 
but  did  not  exhibit  the  marked  distension  seen  in  the  kidneys  of 
Case  7a.  The  interstitial  tissue  was  free  from  haemorrhage,  and 
showed  no  cell  infiltration  or  increase  of  connective  tissue.  No 
cirrhosis  or  fatty  degeneration  of  the  liver  or  malarial  pigment  m  its 
vessels.  No  malarial  parasites  or  pigment  was  found  in  the  spleen. 


Blackvvater  Fever.  Case  17. 

Male,  thirty-two  years  of  age.  Planter.  European. 

Has  lived  in  Nyasaland  for  ten  years,  during  which  time  he  has 
had  one  or  two  attacks  of  fever  every  wet  season.  In  the  course  of 
the  last  eight  years  he  has  had  four  attacks  of  blackwater  fever.  He 
only  occasionally  takes  quinine.  He  suffered  from  an  attack  of  fever 
four  days  ago.  T.  I05°F.  Took  twenty  grains  of  quinine.  He 
remained  ill  for  the  next  three  days,  and  had  fifteen  grains  of  quinine 
each  day. 

1st  day.  Was  still  ill,  and  took  ten  grains  of  quinine  in  the 
morning.  During  the  evening  he  noticed  that  he  was  passing  black- 
water.  He  was  brought  into  hospital  the  same  evening.  His 
condition  was  one  of  considerable  exhaustion,  with  troublesome 
vomiting.  Spleen  slightly  enlarged,  and  just  palpable.  T.  101°  F. 

2nd  day.  His  condition  to-day  was  unchanged,  and  the  vomiting 
continued  all  day.  T.  105°  F.  This  rise  in  temperature  was 
accompanied  by  a  very  severe  rigor.  The  urine  was  porter  coloured. 

3rd  day.  The  patient  was  rather  better  this  morning  and  the 
temperature  almost  normal.  The  urine  was  still  highly  coloured. 

4th  day.  The  urine  became  decidedly  lighter  towards  evening. 

5th  day.  Patient  feels  quite  well.  Urine  almost  clear. 

6th  day.  The  urine  was  amber  coloured.  Patient’s  subsequent 
recovery  was  uninterrupted. 

Condition  of  blood. — ist  day.  At  11-30  p.m.  patient’s  oxalated 
plasma  was  of  a  deep  orange  colour,  with  a  distinct  red  tint, 
containing  o’65  per  cent,  of  haemoglobin  in  solution.  No  malarial 
parasites  and  no  pigmented  leucocytes  were  found  in  the  blood 
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2nrl  day.  At  g  a.m.  patient’s  oxalated  plasma  was  of  a  reddish 
orange  colour,  containing  o'fi/  per  cent,  of  haemoglobin  in  solution 
No  malarial  parasites  and  no  pigjnented  leucocytes  were  found  in  the 
blood.  At  3-15  p.m.  patient’s  oxalated  plasma  was  of  a  reddish 
orange  colour,  containing  o'95  per  cent,  of  haemoglobin  in  solution, 

3rd  day.  At  10-30  a.m.  patient's  oxalated  plasma  was  of  a 
reddish  orange  colour,  containing  o'48  per  cent,  of  haemoglobin  in 
solution.  No  malarial  parasites  and  no  pigmented  leucocytes  were 
found  in  the  blood. 


I'lG.  8.2.  Blackwater  Fever,  Case  17.  Temperature  Chart. 

4th  day.  At  1 1  -45  a.m.  patient’s  o.xalated  plasma  was  of  a  deep 
orange  colour  with  no  red  tint,  containing  on  8  per  cent,  of  haemo¬ 
globin  in  solution.  On  examining  the  blood  with  the  aid  of  the 
haemocrit,  it  was  found  to  contain  22'5  per  cent,  by  volume  of  red 
cells.  A  haemoglobinometer  reading  of  21'^,  divisions  of 
von  Fleischl’s  scale  was  obtained  (equivalent  to  O'O/  per  cent,  of  wet 
'  •  red  cells). 


r¬ 
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Date  and  time.  Amount.  Sp.  gr.  Reaction.  Colour.  Appearance  and  amount  of  deposit.  Spectroscopic  Amount  of  haemoglobin. 

examination.  , 
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I  ABLE  52. — {Continued).  Synopsis  of  Cases  of  Blacksvater  Fever. 
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PREFACE 

The  members  of  this  expedition*  desire  to  offer  on  behalf  of  this 
Tropical  School,  and  indeed  of  all  interested  in  trypanosomiasis,  their 
grateful  thanks  to  the  British  South  Africa  Company,  the  adminis¬ 
trators  of  Rhodesia,  for  the  enlightened  way  in  which  they  undertook 
this  survey  of  that  territory,  and  to  Sir  Alfred  Sharpe,  K.C.M.G.,  the 
Governor  of  Nyasaland,  for  his  ready  and  sympathetic  assistance  on 
questions  relating  to  the  country  more  immediately  under  his  control. 

We  wish  especially  to  thank  the  local  Governments  of  North- 
Eastern  and  North-Western  Rhodesia  for  the  way  in  which  they 
catered  for  our  many  requirements,  and  to  the  Administrators,  the 
late  Mr.  Robert  Codrington  and  Mr.  L.  A.  Wallace,  for  the  personal 
interest  they  have  taken  in  the  work  and  the  encouragement  and  help 
they  always  gave.  It  is  due  to  their  generous  reception  that  it  was 
possible  for  us  to  endeavour  to  carry  out  our  instructions. 

All  Europeans  with  whom  we  came  in  contact,  must  be  enumerated, 
were  each  one  to  whom  we  are  indebted  to  receive  mention,  but  our 
special  thanks  are  due  to  the  Principal  Medical  Officers,  Drs.  J.  C. 
Spillane  at  Fort  Jameson  and  H.  Hearsey  at  Zomba,  and  to  Mr. 
A.  J.  Lane,  the  Veterinary  Officer  of  Northern  Rhodesia.  To  the 
following  stock-owners,  who  gave  us  notable  assistance,  we  would 
offer  our  hearty  gratitude.- — Messrs.  J.  F.  F.  Johnson,  F.  C.  Miles, 
J.  B.  Yule  and  Mr.  B.  Turner,  of  the  London  Missionary  Society  at 
Kambole ;  and  also  to  the  following  officials  who  gave  special 
assistance :  — Messrs.  H.  C.  Marshall  of  Abercorn,  and  R.  Young  of 
Chinsali.  Lastly  we  must  again  mention  Dr.  Arnold  Theiler,  C.M.G., 
Pretoria,  to  whom  we  are  indebted  for  many  guinea-pigs  and  rats 
without  which  our  trypanosome  strains  could  not  have  been  main¬ 
tained,  and  who  has  most  kindly  undertaken  charge  of  those  we 
carried  back  from  Lake  Tanganyika. 

A.  K. 

R.  E.  M. 


*  The  eighteenth  expedition  of  the  School,  to  the  Zambesi,  rQO~-igog.  Consisting  of 
A.  Kinghom  and  R.  E.  Montgomery. 
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I.  INTRODUCTION 

The  following  notes  form  a  record  of  some  observations  which 
were  made  on  the  parasites  occurring  in  the  intestine  of  Glossina 
palpalis  and  in  the  intestine  and  proboscis  of  Glossina  morsilam. 
They  are  admittedly  scanty  and  incomplete,  as  we  were  able  to 
devote  only  a  very  short  time  to  the  work,  and  much  of  this  time  was 
disadvantageously  employed  through  the  non-receipt  of  literature 
bearing  on  what  had  already  been  done  on  these  protozoa. 

In  the  earliest  efforts  made  to  trace  a  developmental  cycle  of  the 
pathogenic  trypanosomes  in  the  tsetse  flies,  e.g.,  in  the  work  of  Koch,! 
and  Gray  and  Tulloch,^  the  not  unnatural  mistake  was  made  of 
considering  all  the  parasites  found  in  the  flies  to  be  derived  from  the 
pathogenic  forms.  As  a  result  of  further  work  done  in  conjunction 
with  Minchin,''^  Gray  and  Tulloch  admitted  that  their  earlier  con¬ 
clusions  were  erroneous,  and  about  the  same  time  Novy^  pointed  out 
the  possibility  of  the  same  thing.  Stuhlmann^  took  the  precaution  of 
working  with  laboratory-bred  flies,  but  in  a  recent  paper,  in  which 
the  whole  subject  is  reviewed,  Patton  and  Strickland®  consider  that 
sources  of  error  exist  in  his  experiments,  and  they  also  take  exception 
to  some  of  Mmchin’s^  results  and  to  those  of  Keysselitz  and  Mayer,® 
Roubaud,^  and  others. 

In  the  light  of  our  present  knowledge  of  the  wide-spread  infection 
of  many  arthropods  by  various  protozoal  parasites  there  are  some 
grounds  for  the  criticism  of  much  of  the  previous  work.  It  is 
therefore  apparent  that  in  approaching  a  subject  beset  by  so  many 
inherent  difficulties  the  greatest  care  must  be  exercised  in  the 
conduct  of  the  work  and  that  it  must  be  controlled  in  the  most 
complete  manner.  The  use  of  ‘  wild  ’  tsetse  flies  in  work  on  develop¬ 
ment  cannot  be  justified  on  any  ground  ;  for,  apart  from  the  presence 
of  benign  parasites  which  confuse  the  results,  there  exists  a  possibility 
that  they  may  be  naturally  infected  with  a  different  species  of 
trypanosome  from  the  one  which  is  being  employed  in  the  experi¬ 
ments.  Even  in  the  case  of  laboratory-fed  flies,  the  criticism  has  been 
made  that  sufficient  care  has  not  been  observed  to  exclude  the 
occurrence  of  a  hereditary  transmission  of  the  non-pathogenic 
parasites.  Minchin  and  Stuhlmann  dispute  the  possibility  of  this, 
while  Novy  and  McNeal  and  Patton  and  Strickland  think  that  it  may 


occur. 
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II.  CONDITIONS  UNDER  WHICH  WORK  WAS  DONE 

Our  observations,  in  the  case  of  Glossina  falpalis  (var. 
wdlniani),  were  carried  out  on  Matondwi  Island  at  the  southern 
extremity  of  Lake  Tanganyika.  This  island  lies  between  two  and 
three  miles  from  the  mainland,  and  measures  about  one  mile  in  length 
by  half  a  mile  in  width.  It  slopes  with  more  or  less  abruptness  from 
the  water  to  a  height  of  about  one  hundred  feet,  and  is  composed  of 
rough  broken  stones  on  which  grows  a  thin  scrubby  type  of  bush. 
The  shores  are  similar  to  those  of  the  lake  in  that  they  present  at 
some  places  dense  growths  of  reeds,  at  others  scattered  mimosa  trees, 
and  at  others  bare  rocky  stretches  devoid  of  vegetation.  Glossina 
fal falls  was  very  abundant  along  the  shore,  and  large  numbers  were 
caught  daily  without  any  difficulty. 

For  more  than  the  past  twenty  years  the  island  has  been 
uninhabited,  and  during  this  period  has  practically  never  been  visited 
even  temporarily  by  the  natives  of  the  mainland.  The  fauna  is 
composed  of  some  crocodiles,  large  numbers  of  birds,  principally  water- 
species  (e.g.,  darters,  egrets,  herons,  &c.),  a  few  snakes,  and  a  species 
of  mouse ;  no  other  mammalia  exist,  save  perhaps  an  occasional 
visiting  hippopotamus. 

During  the  month  of  July,  1908  (middle  of  dry  season)  we  spent 
four  weeks  on  Matondwi,  and  in  November,  1908  (just  after  the  rains 
had  commenced),  returned  for  a  three  days’  visit. 

The  work  with  Glossina  morsiians  was  done  at  a  camp  near 
Kambole,  about  50  miles  west  of  Abercorn,  during  the  month  of 
October,  1908  (end  of  dry  season).  In  this  immediate  neighbourhood, 
game  is  very  scarce  at  that  time  of  the  year.  Only  an  occasional 
duiker  was  seen  while  we  were  at  this  place. 


III.  METHODS 

We  found  the  best  method  of  extracting  the  intestine  was  as 
follows. 

The  fly  was  laid,  dorsal  surface  downwards,  on  a  clean  slide,  so  that 
the  last  segment  nearly  touched  a  large  drop  of  salt-citrate  solution 
(NaCl  and  Sodium  Citrate  a  a  O' 5  per  cent.)  in  the  centre  of  the  glass. 
A  mounted  needle  was  then  pressed  against  the  posterior  surface  of 
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the  thorax,  and  traction  was  made  on  the  everted  hypopygium  in  the 
male,  or  on  the  last  abdominal  segment  of  the  female,  with  a  second 
needle.  The  last  segment  was  thus  separated  from  the  rest  of  the 
abdomen  and  with  it  the  attached  gut  was  pulled  out  into  the  drop 
of  fluid.  With  a  little  care  the  whole  intestine,  including  the 
oesophageal  portion,  could  be  obtained  intact  and  quite  free  from  the 
other  abdominal  contents.  The  malpighian  tubules  were  usually 
the  only  other  organs  which  came  away  with  the  gut ;  sometimes 
spermathecae,  ovaries,  and  uterus.  This  procedure,  as  will  be  seen, 
varies  slightly  from  that  given  by  Minchin,^  in  which  the  terminal 
segment  of  the  fly  was  snipped  off  and  the  whole  of  the  abdominal 
viscera  expressed. 

The  whole  intestine  was  mounted  in  the  salt-citrate  solution  and 
examined  under  the  low  and  high  powers.  Fresh  preparations  and 
smears  were  afterwards  made  from  the  various  portions  of  the 
intestine  and  other  abdominal  contents.  The  smears  were  fixed  in 
absolute  alcohol  and  Fleming’s  solution  and  stained  by  Giemsa’s  and 
Leishman’s  methods. 

The  proboscis  was  examined  in  salt-citrate  solution,  and  smears 
were  made  and  stained  as  in  the  case  of  the  intestinal  contents. 

IV.  INCIDENCE  OF  INTESTINAL  CONTAMINATION 

A.  Glossina  falfalis. 

During  July,  1,409  Gl.  palpalis  were  caught,  1,282  males  and  127 
females.  Of  these,  185  were  dissected  and  examined,  and  78  were 
found  to  harbour  intestinal  protozoa,  a  percentage  of  42T.  This 
IS  by  far  the  highest  percentage  of  tsetse  flies  which  has  yet  been 
recorded  as  containing  these  trypanosomes.  In  the  Sesse  Islands 
II  per  cent,  were  infected, -m  the  French  Congo  about  10  per  cent, 
in  the  Congo  F ree  State  infection  is  apparently  unknown,  according  to 
Dutton,  Todd  and  Hanington.*i° 

The  comparative  ratio  of  infection  in  the  two  sexes  was 


approximately  the  same. 

Positive 

Negative 

Percentage 

Males  ... 

73 

96 

43-1 

Females 

5 

II 

37-5 

*  This  is  rather  questionable,  however,  judging  from  the  extremely  widespreaii 
occurrence  of  the  condition. 
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It  was  observed  also  that  the  ratios  of  infection  amongst  batches 
of  flies  caught  in  various  sections  of  the  island  were  markedly 
different,  e.g. :  — 


Section 

Positive 

Negative 

Percentage 

A  . 

47 

40 

54 

B 

7 

22 

24- r 

c  . 

24 

45 

34-9 

No  apparent  reason  existed  for  these  discrepancies.  Section  A, 
the  most  heavily  infected,  was  directly  opposite  the  camp,  and  our 
natives  were  constantly  going  and  coming  from  the  water  along  this 
stretch,  so  that  it  was  avoided  by  all  the  birds.  No  crocodiles  were 
ever  seen  along  this  bit  of  the  shore. 

About  a  third  (33" i  per  cent.)  of  the  flies  which  were  examined 
showed  evidence  of  having  fed  on  blood  (61  out  of  185).  In  25,  oval, 
nucleated  cells  were  seen;  in  35,  the  pigment  and  detritus  left  from 
digested  blood ;  and  in  only  one,  fresh  mammalian  blood  was  found, 
evidently  from  one  of  the  boys  engaged  in  catching  the  flies. 

In  November,  401  flies  were  caught,  396  males  and  5  females. 
One  hundred  of  these  were  examined,  99  males  and  i  female,  and  41 


were  found  to  be  infected. 

Positive 

Negative 

Percentage 

Males .  41 

58 

41-4 

Females  . .  ...  o 

...  I 

0 

At  this  time  special  attention  was  devoted  to  the  proboscis,  but  in 
no  case  were  parasites  found  in  this  part  of  the  flies. 

B.  Glossina  morsiians. 

Of  365  flies,  313  were  males  and  52  females,  a  proportion  of  6  .-  i. 
One  hundred  and  thirteen  were  examined,  and  of  these  32' 8  per  cent, 
showed  signs  of  having  fed  on  blood  (in  3  mammalian  blood  corpuscles 
M'ere  observed,  and  in  34  blood  pigment),  practically  the  same  per¬ 
centage  as  noted  in  the  case  of  GL  falfalis.  All  traces  of  blood 
disappear  from  the  intestine  of  Gl.  morsiians  in  about  96  hours,  and 
it  is  altogether  probable  that,  if  the  flies  feed  on  blood  alone,  they  are 
capable  of  remaining  alive  without  it  for  some  considerable  period. 
The  condition  of  the  abdominal  organs  of  many  of  the  flies  which 
were  examined  was  such  as  to  render  it  perfectly  clear  that  much 
longer  than  four  days  had  elapsed  since  last  they  had  fed  on  blood. 
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The  possibility  of  tsetse  flies  feeding  on  anything  except  blood 
has  recently  been  mooted  againd^  The  following  observation 
though  negative,  may  be  worth  noting. 

On  one  occasion  at  the  mouth  of  the  Kalambo  river,  a  tributary 
of  Lake  Tanganyika,  numbers  of  Gl.  falpalis  were  seen  to  settle  at 
the  edges  of  little  puddles  of  stagnant  water  containing  various  low 
forms  of  plant  life.  We  could  not  determine  that  they  were  sucking 
up  the  water,  and  at  the  time  were  not  in  a  position  to  examine  the 
flies. 

Nine  of  the  113  Gl.  morsitans  were  found  to  be  infected  with 
protozoa,  i.e.,  yS  per  cent.  This  intestinal  infection  apparently  tends 
to  die  out,  or  at  all  events,  the  parasites  do  not  retain  the 
ordinary  trypanosome  form  after  a  few  days,  as  is  evidenced  by  the 
following :  — 


Time  of  examination 

No.  Examined 

Male 

Female 

Percentage 

Freshly  caught 

41  fi;  positive) 

2  (negative) 

i5'i 

24  hours  after  capture 

6°  (4  n  ) 

6 

6 

48  T)  )1  )) 

2  (negative) 

0 

0 

9^  j)  11  11 

>, 

0 

0 

V.  INCIDENCE  OF  INFECTION  IN  PROBOSCIS 


As  stated  above,  infection  of  the  proboscis  of  Gl.  palpalis 
parasites  was  never  observed.  It  was  found  to  be  present  in  seven 
out  of  thirty-one  Gl.  morsitans,  2r2  per  cent.  In  contradistinction 
to  the  intestinal  infection,  that  of  the  proboscis  apparently  increases  in 
frequency  on  keeping  the  flies,  e.g. :  — 


Time  of  examination 

No.  examined 

No.  infected 

Percentage 

Freshly  caught 

8 

I 

12*4 

24  hours  after  capture 

10 

4 

40 

4®  11  1)  1) 

3 

2 

66-6 

96  „  „  „ 

12 

0 

0 

Condition  of  intestine  in 
infected  cases 


Parasites  present 
Parasites  present  in  3,  absent 
in  I 

Parasites  present  in  1,  ? 
other,  fly  lost 
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Taken  in  conjunction  with  the  figures  given  above,  this  may 
indicate,  as  StuhlmannS  suggests,  that  the  intestinal  infection 
gradually  works  forward,  and  that  the  proboscis  is  infected  last.  If 
the  intestinal  forms  really  die  out  in  two  or  three  days,  the  reinfection 
might  be  explained  by  some  of  the  proboscis  forms,  which  are  almost 
always  present  in  the  hypopharynx,  being  ingested  with  a  succeeding 
feed. 

VI.  MORPHOLOGY  OF  FORMS  FOUND  IN  GL.  PALPALIS 

In  fresh  preparations,  as  in  stained  ones,  the  parasites  presented 
a  great  diversity  of  size  and  shape,  from  extremely  long  narrow  forms 
to  short  broad  ones.  One  variety  had  a  body  somewhat 
like  the  section  of  a  bi-convex  lens,  with  a  long,  lash-like  flagellum  ; 
a  second  variety  was  a  very  narrow,  rod-like  organism,  which  moved 
with  considerable  rapidity ;  a  third  variety  was  ‘  beaked,’  that  is,  the 
posterior  portion  was  narrow,  and  succeeded  by  a  more  or  less  central 
bulbous  portion  which  tailed  off  into  the  flagellum.  The  development 
of  the  undulating  membrane  varied  from  nothing,  to  one  which  was 
fairly-well  defined.  The  two  types,  long  thin  ones  and  short  clubbed 
ones,  could  almost  always  be  seen,  though,  of  course,  many  inter¬ 
mediate  forms  between  these  two  were  also  present.  In  those  flies  in 
which  the  parasites  were  few  in  number,  they  were  as  a  rule  of  the 
broad  short  type.  In  the  majority  of  cases  the  trypanosomes  were 
extremely  numerous,  and  in  a  few  instances  large  clumps  of  them  were 
seen  adhering  by  their  flagellate  extremities  to  the  gut  wall  towards  the 
distal  end  of  the  intestine,  similar  to  the  clumps  described  by  Novy, 
■  McNeal  and  Torreyi^  in  mosquitoes.  The  trypanosomes  composing 
these  clumps  moved  slowly  from  side  to  side.  In  addition  to  the  free 
forms  carrying  flagella,  rounded  motionless  parasites  devoid  of 
flagella  were  also  observed  in  fresh  preparations.  These  are 
apparently  derived  from  the  ‘  broad  ’  type  of  organisms. 

In  only  one  fly  were  the  parasites  observed  outside  the  true 
intestine.  In  the  one  referred  to,  a  few  were  seen  in  the  preparation 
from  the  proctodaeum.  This  fly  had  been  fed  on  a  dog  about  an  hour 
previously. 

Trypanosomes,  or  any  bodies  recognisable  as  derived  from  them, 
were  never  seen  in  the  salivary  glands,  malpighian  tubules,  testes,  fat 
bodies,  ovaries,  or  other  organs  of  the  flies. 


1 


I  , 


^ '  1  tLj  ^  I  i-L*' 1  
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Stained  preparations 


The  description  is  given  almost  entirely  from  the  slides  which 
were  examined  in  Africa.  Like  Minchin,  we  have  found  that  the  ones 
which  were  left  to  be  stained  at  home  have  proved  to  be  practically 
useless. 

In  general,  the  trypanosomes  may  be  divided  into  the  two 
types,  long  narrow  ones,  and  broad  shorter  ones,  which  have  been 
mentioned  above. 

The  long  type  of  organism  is  chiefly  met  with  in  two  separate 
forms.  The  first  of  these  measures  from  30/1  to  40^  in  length  by 
17/1  to  2/1  in  width.  The  posterior  extremity  is  usually  rounded  or 
blmitly  angular,  while  the  anterior,  or  flagellar  extremity,  is  more  or 
less  acutely  drawn  out.  The  body  width  is  uniform  throughout  the 
greater  part  of  the  length  of  the  parasite,  so  that  it  bears  some 
resemblance  to  a  narrow  strip  of  ribbon.  The  nucleus  is  oval ;  as  a 
rule  occupies  the  whole  width  of  the  body,  and  does  not  present  any 
peculiarities  of  structure  other  than  in  a  few  instances ;  bein? 
composed  of  a  central,  deeply-staining  portion,  from  which  projects 
at  either  pole  a  more  loosely-built  wing.  The  blepharoplast  is  large, 
oval  or  round,  and  is  usually  placed  in  close  apposition  to  the  nucleus. 
More  generally  its  position  is  anterior  to  the  nucleus,  but  it  may  be 
lateral  or  posterior,  and  in  some  instances  is  separated  by  an 
appreciable  interval  from  it.  The  undulating  membrane,  as  a  rule, 
is  not  well  marked,  and  may  not  be  present.  The  flagellum  varies 
from  examples  in  which  a  distinctly  free  portion  of  some  length  is 
present,  to  those  in  which  none  is  discernible.  A  slight  club-shaped 
thickening  of  the  terminal  portion  of  the  free  flagellum  is  not 
uncommon,  and  in  one  or  two  cases  the  root  is  expanded  into  a  fan¬ 
like  arrangement  close  to  the  blepharoplast.  The  cytoplasm  stains  a 
darkish  blue  (Giemsa’s  stain),  and  may  contain  a  few  small  granules, 
though  commonly  it  is  free  from  these,  and  is  quite  homogeneous  in 
composition. 

The  second  variety  of  the  long  forms  is  an  extremely  narrow  and 
elongated  one,  which  may  measure  as  much  as  53  /t  in  length  by  only 
O' 5  4  in  width.  The  posterior  extremity  is  acute,  while  the  anterior 
end  is  drawn  out  very  gradually  along  the  flagellum.  The  nucleus  is 
long,  and  occupies  the  whole  width  of  the  body.  No  definite 


2^7 

structure  could  be  made  out  in  it.  The  blepharoplast  is  rounded,  and 
is  usually  superimposed  on  the  nucleus.  There  is  no  visible 
undulating-  membrane,  and  the  flagellum  is  prolonged  into  a  well- 
deflned  free  portion.  The  protoplasm  stains  a  light  blue,  and  is  free 
from  granulations. 

This  type  of  parasite  is  not  nearly  so  frequent  as  the  one  previously 
described.  They  were  seen  in  preparations  made  from  a  fly  which 
had  fed  forty-eight  hours  beforehand  on  a  hen,  and  from  one  which 
had  fed  an  hour  earlier  on  a  monkey,  but  in  this  case  they  were  not 
so  long  as  the  ones  from  the  hen-fed  fl.y.  The  broad  forms  of  the 
organisms  were  also  present  in  these  preparations. 

The  more  usual  form  of  the  broad  type  approaches  in 
shape  that  of  the  ordinary  blood  trypanosomes.  They  measure 
from  ip/u  to  30/i  in  length  and  r8/r  to  3^  in  breadth.  The  posterior 
extremity  is  more  or  less  rounded  ;  the  anterior  end  is  attenuate.  The 
nucleus  is  oval,  and  stains  homogeneously.  The  blepharoplast  is 
rounded  or  oval  and  occupies  much  the  same  position  in  relation  to 
the  nucleus  as  in  the  long  forms.  The  undulating  membrane  is 
usually  perceptible.  The  flagellum  does  not  show  the  tendency  to 
become  clubbed,  which  was  noted  in  the  other  variety.  The  proto¬ 
plasm  stains  a  light  blue  or  pink,  and  may  contain  some  granules. 

Various  modifications  of  the  broad  type  exist,  and  the  ‘beaked’ 
kind  is  probably  one  of  them.  In  this  form,  the  posterior  extremity 
instead  of  being  rounded  in  the  ordinary  manner,  is  elongated,  so  that 
the  expanded  nuclear  area  occupies  a  central  position  between  two 
attenuated  portions.  The  posterior  extremity  is  not,  however,  extended 
into  a  filiform  portion  like  the  anterior  end,  but  is  usually  cut  off 
squarely.  In  other  respects  it  is  much  like  the  ordinary  broad  type. 

In  most  of  the  preparations,  oval  or  rounded  forms  measuring 
about  4/i  or  5^  m  diameter,  and  without  a  flagellum,  were  present. 
The  protoplasm  stains  darkly,  and  may  contain  granules.  These 
forms  are  apparently  derived  from  the  ordinary  broad  ones.  The 
posterior  portion  of  the  parasites  containing  the  nucleus  and 
blepharoplast  become  globular,  while  the  anterior  part  loses  its 
staining  powers,  becomes  irregular  in  shape,  and  degenerates.  The 
flagellum  disappears  coincidentally.  No  definite  retaining  wall  is 
present,  so  that  these  forms  are  not  true  cysts.  Encystment,  as 
described  by  Minchm,^  has  not  been  observed  in  our  preparations. 
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While  the  formation  of  the  rounded  forms  may  be  traced,  the 
reverse  process,  development  into  flagellated  parasites,  may  also  be 
seen  from  bodies  very  similar  to  Leishmania.  The  flagellum  appears 
first  as  a  comparatively  short  structure,  and  gradually  increases  in 
length,  the  body  of  the  trypanosome  becoming  stretched  out  at  the 
same  time  to  assume  the  more  ordinary  character. 

Division  was  seen  in  organisms  of  the  broad  type  alone 
Ordinary  simple  fission  is  the  commonest,  but  instances  occur  in 
which  a  triple  division  is  present. 

Many  gradations  between  the  long  and  broad  forms  are  present; 
probably  immature  specimens  of  these  types.  The  appearances  of 
all  the  forms  agree  with  the  description  of  T rypanosoma  grayi,  Novy, 
and  to  this  category  we  would  refer  the  parasites  we  have  seen  in 
Glossina  palpalis.  No  forms  recalling  T.  tullochi  were  observed. 

VII.  MORPHOLOGY  OF  FORMS  FOUND  IN 

GLOSSINA  MORSITANS 

A.  In  Intestine.  Fresh  examination. 

(1)  Long  filiform  forms,  of  approximately  the  same  width 
throughout  the  greater  part  of  the  body,  but  tapering  gradually 
towards  the  flagellar  extremity. 

(2)  ‘  Beaked  ’  forms,  with  a  narrow  posterior  portion,  succeeded 
by  a  more  or  less  oval  central  mass,  and  then  tapering  gently  towards 
the  anterior  end. 

(3)  Blunt  or  clubbed  forms,  with  a  rounded  posterior  portion,  which 
is  the  widest  part  of  the  body. 

(4)  Regularly  oval  or  ovoid  forms,  with  a  flagellum  apparently 
devoid  of  any  undulating  membrane,  projecting  from  the  narrow 
pole. 

(5)  Motionless  oval  or  rounded  forms  devoid  of  flagellum. 

The  first  four  varieties  are  motile.  The  ‘  beaked  ’  forms  are  rather 
peculiar,  in  that  the  posterior  and  bulbar  portions  always  remain  quite 
rigid,  while  the  anterior  portion  is  vibratile.  This  is  explained  by 
the  position  of  the  blepharoplast  close  to,  and  ordinarily  in  front  of 
the  nucleus,  which  lies  in  the  expanded  middle  part  of  the  parasite. 
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In  all  cases  the  parasites  were  much  more  abundant  in  the 
posterior  part  of  the  midgut.  They  were  never  observed  outside  the 
intestinal  tract,  and  never  in  the  proctodaeum. 

S/a  ined  pefarat  io  ns. 

The  long  forms  measure  from  26 n  to  35//  in  length  and  from 
r8/«  to  2(1  in  width.  Both  ends  are  more  or  less  acute,  but  the 
anterior  is  the  more  attenuated  of  the  two.  The  nucleus  is  about  4/U  to 
4-5//  in  length,  is  oval,  and  usually  occupies  the  whole  width  of  the 
body.  The  blepharoplast  is  relatively  small,  and  in  contradistinction 
to  the  forms  seen  in  Glossina  falfalis,  is  usually  posterior  to  the 
nucleus,  and  is  separated  by  an  appreciable  interval  from  it.  The 
undulating  membrane  is  very  poorly  developed,  and  the  flagellum  does 
not,  as  a  rule,  attain  to  any  great  length.  The  general  protoplasm 
stains  a  rather  deep  blue,  and  is  homogeneous  in  structure. 

The  clubbed  variety  measures  20yu  to  25 /z  in  length  by  about  3/j 
in  width.  The  posterior  extremity  is  rounded,  and  the  body  attains 
its  maximum  width  a  short  distance  anterior  to  this  point.  From  the 
point  of  greatest  width  it  tapers  gently  to  the  anterior  end.  The 
nucleus  is  rounded  or  oval,  and  is  situated  more  towards  the  posterior 
part  of  the  body.  The  blepharoplast,  in  these  forms,  frequently  is 
placed  anteriorly  to  the  nucleus,  and  is  usually  small.  The  flagellum 
and  undulating  membrane  are  not  well  marked,  and  the  free  part  of 
the  flagellum  is  quite  short.  The  body  protoplasm  stains  rather 
lightly. 

The  ‘  beaked  ’  forms  are  of  comparatively  frequent  occurrence,  but 
do  not  present  any  other  peculiarity  of  structure  than  the  special 
shape  of  the  posterior  part  of  the  body.  This  has  a  rounded  end,  and 
is  very  narrow  until  it  approaches  the  nuclear  area  when  the  body 
expands  into  an  oval  portion,  beyond  which  it  becomes  gradually 
drawn  out  towards  the  anterior  end. 

1  he  oval,  flagellated  forms  when  stained  are  seen  to  be  composed 
of  a  large  globular  mass,  from  one  end  of  which  the  body  is  prolonged 
as  a  narrow  process  containing  the  flagellum.  The  enlarged  portion 
measures  from  y  fi  to  15/u  in  length  by  4'5/u  to  6/z  in  width,  and  the 
prolonged  portion  from  64  to  12/z.  The  nucleus  is  usually  oval,  and 
stains  uniformly.  The  blepharoplast  is  rounded,  and  is  usually  in 


close  connection  with  the  nucleus,  either  slightly  anterior  to  or  super¬ 
imposed  on  it.  No  definite  undulating  membrane  is  present,  and  the 
flagellum  is  co-terminous  with  the  prolonged  portion  of  the  parasite 
The  protoplasm  may  contain  a  few  granules,  and  usually  stains  a 
uniform  and  rather  deep  blue. 

The  oval  or  rounded  motionless  forms  are,  except  that  they  are 
devoid  of  flagellum,  practically  identical  with  the  ones  just  described 
which  are  apparently  derived  from  them  by  the  growth  of  the 
flagellum  and  coincident  lengthening  of  the  body.  As  in  the  case  of 
similar  forms  seen  in  Glossina  palfalis,  no  trace  of  a  cyst  wall  is 
present. 

Division  forms  are  present  amongst  parasites  of  the  broad  type. 

The  parasites  in  the  intestine  of  Glossina  morsitans  recall  closely 
those  of  Glossina  palpalis,  the  only  marked  difference  being  the 
almost  uniformly  posterior  position  of  the  blepharoplast,  and  the 
greater  tendency  to  acuity  in  the  posterior  part  of  the  body.  These 
differences  are  not  sufficiently  decided,  and  the  amount  of  work  we 
were  able  to  devote  to  the  study  is  too  small  to  enable  us  to  say  that 
they  are  a  different  species. 

B.  In  Proboscis. 

Fresh  preparations. 

In  the  proboscis  of  freshly-caught  flies  the  parasites  were  found,  as 
noted  by  Roubaud,^  adhering  to  the  labium  and  labrum  in  large 
clumps,  and  occasionally  so  numerous  as  apparently  to  occlude  the 
lumen.  Moreover,  we  observed  them  frequently  within  the  hypo- 
pharynx  also,  in  extremely  large  numbers.  In  both  situations,  the 
clumps,  which  resembled  a  chrysanthemum,  were  formed  of  very 
many  parasites  which  had  the  flagellar  extremity  directed  towards 
the  walls  of  the  proboscis.  They  moved  with  a  slow  wave-like  action, 
and  also  by  contraction.  Single,  separate  organisms  were  fairly 
active,  and,  as  described  by  Roubaud  frequently  became  attached  to 
the  slide  or  to  bits  of  tissue  in  the  preparation.  As  a  rule, 
they  were  present  throughout  the  whole  length  of  the  proboscis, 
though  variations  were  noticed  from  a  decided  massing  of  the 
parasites  at  the  distal  extremity  to  a  scanty  occurrence  at  the 
proximal  end. 
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The  parasites,  in  the  fresh,  appeared  to  be  of  various  sizes  and 
shapes.  Some  were  almost  filamentous,  others  were  attenuated  at 
either  extremity,  at  the  flagellar  end  more  markedly  so,  while  others 
again  approached  more  closely  the  ordinary  shape  of  the  pathogenic 
trypanosomes.  They  appeared  to  be  about  one  and  a  half  times  the 
diameter  of  the  proboscis  in  length. 

Parasites  were  generally  present  in  the  gut  at  the  same  time  as 
in  the  proboscis,  although  this  was  not  invariably  the  case.  In  at 
least  one,  no  trypanosomes  were  seen  in  the  intestine. 

Stained  frefarations. 

A  special  description  of  the  forms  seen  in  the  proboscis  is 
unnecessary,  as  they  correspond  closely  to  those  observed  in  the  gut. 
In  general  their  dimensions  are  less,  but  in  other  respects  the 
description  of  the  various  intestinal  types  applies  equally  well  to 
those  of  the  proboscis. 

The  beaked  variety  was  the  commonest,  and  after  that  the 
ordinary  broad  club-like  forms.  The  long  ribbon-like  type  was  not 
seen  in  stained  preparations,  though  a  few  forms  resembling  on  a 
small  scale  the  very  narrow  long  type  were  observed.  In  many  of  the 
forms  the  flagellum  did  not  stain  at  all,  and,  if  present,  was  extremely 
rudimentary. 


VIII.  FEEDING  EXPERIMENTS 

These  were  originally  undertaken  in  order  to  trace,  if  possible,  a 
development  of  the  ‘  wild  ’  trypanosomes  in  Glossina  pal  falls.  Many 
different  sources  of  food  were  used,  mammalian  and  avian,  and  the 
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intestinal  contents  of  the  flies  were  examined  at  various  periods  after¬ 
wards,  from  a  few  hours  to  several  days.  The  results  of  this  examina¬ 
tion  were  rather  surprising,  for  whereas  42  per  cent,  of  unfed 
(artificially)  flies  contained  flagellates,  only  a  very  small  proportion  of 
the  fed  ones  were  found  to  harbour  parasites. 

The  discrepancies  shown  by  these  figures  are  rather  interesting, 
and  rather  difficult  to  explain,  unless  it  be  due  to  the  fact  that 
mammalian  blood  exerts  some  unfavourable  action  on  the  parasites  in 
these  flies.  As  we  have  already  said,  mammalian  blood  does  not 
form  any  part  of  the  ordinary  food-supply  of  the  flies  on  the  island, 
The  difference  in  the  results  between  the  flies  fed  on  the  hen  and 
those  fed  on  birds  inhabiting  the  island  is  also  suggestive.  However, 
the  results  are  so  scanty  that  no  great  weight  can  be  laid  on  the 
suggestion  we  have  offered. 

In  Uganda,  Minchin,  Gray  and  TulloclH  found  that  goats’  serum 
acted  deleteriously  on  the  ‘  wild  ’  parasites,  and  found  that  by  this 
means  they  could  be  distinguished  from  J.  gambiense.  Other  sorts 
of  serum  had,  however,  no  such  action. 

The  following  experiment  was  made  to  ascertain  whether  crocodile 
serum  was  more  favourable  to  the  parasites  than  that  of  some  of  the 
local  birds. 

Hanging  drop  preparations  were  made  from  the  intestinal  contents 
of  a  fly  containing  very  many  parasites,  and  were  diluted  in  the 
proportion  of  i  :  i  with  salt-citrate  solution  and  serum  obtained  from 
a  crocodile,  a  hen  and  a  darter.  The  preparations  were  examined  at 
intervals  of  fifteen  minutes  for  a  period  of  four  hours.  The  changes 
which  occurred,  consisted  of  a  clumping  of  the  parasites  with  the 
flagella  towards  the  periphery,  and  a  gradual  cessation  of  the  move¬ 
ment  of  the  clumped  forms.  Simultaneously  they  started  to  break 
down,  until  finally  there  was  left  a  granular  and  refractile  mass.  The 
clumping  occurred  rather  more  slowly  in  the  preparation  containing 
crocodile  serum  than  in  the  other  two,  but  otherwise  precisely  similar 
changes  occurred,  and  at  the  end  of  four  hours  there  were  only  a  fe«' 
free  trypanosomes  left. 

A  few  Glossinn  morsitans  were  fed  on  a  dog.  In  one  series  ten 
flies  were  fed,  and  examined  at  intervals  of  from  one  and  a  quarter  to 
three  hours  later.  None  of  them  contained  parasites.  In  another 
series  eleven  were  fed  on  the  same  dog,  and  examined  forty-eight 
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hours  later.  Two  of  these  flies  contained  intestinal  parasites.  In 
one  they  occurred  as  small  clumps  with  the  flagellar  ends  directed 
towards  the  periphery,  and  in  the  other  as  long  freely  motile  forms. 
Parasites  were  also  present  in  the  proboscis  of  this  latter  fly. 


IX.  ORIGIN  OF  PARASITES 

Some  conflict  of  opinion  exists  as  to  the  origin  of  these  ‘  wild  ’ 
parasites.  It  would  seem  that,  to  a  certain  degree,  this  may  be 
explained  by  the  views  held  by  various  writers  on  the  question 
as  to  the  food  of  tsetse  flies.  Novy,**  who  thinks  that  they  may 
possibly  feed  on  other  substances  than  blood,  is  of  the  opinion  that 
the  pai-asites  may  possibly  be  derived  from  stagnant  water,  or  some 
similar  fluid.  Reference  has  already  been  made  to  an  instance  in 
which  the  flies  may  have  been  imbibing  such  a  fluid.  Against  this, 
however,  is  the  experience  in  raising  and  maintaining  tsetse  flies  in 
captivity,  which,  so  far,  has  shown  that  blood  is  the  only  food  which 
they  will  ingest. 

On  the  other  hand,  Minchin’’  and  others  consider  that  blood  alone 
is  the  natural  food  of  the  tsetse  flies,  and  that  in  all  probability  the 
parasites  are  derived  from  a  vertebrate  host,  possibly  a  bird.  To  a 
certain  extent,  the  infection  may  be  due  to  the  ‘  contaminative  ’ 
transmission,  that  is  the  ingestion  of  the  cystic  forms  of  T.  grayi, 
though  the  probability  of  the  continuation  of  the  fly-infection  in  this 
way  is  rather  slight. 

So  far,  no  vertebrate  host  of  these  parasites  has  been  discovered. 
On  the  island  we  examined  the  blood  of  darters,  pigeons,  hornbills, 
several  species  of  small  birds,  snakes,  mice  and  crocodiles  (4),  but  in 
none  of  them  were  parasites  of  any  description  seen.  T.  sp.  (?) 
were  seen  in  frogs  caught  on  the  mainland. 

The  difference  of  opinion  on  the  question  of  hereditary  trans¬ 
mission  also  tends  to  complicate  the  solution.  Patton  and  Strickland,® 
who  incline  to  this  hypothesis,  quote  in  support  of  their  view  the 
instance  in  which  Minchin,  Gray  and  Tulloch'"^  observed  the  infection 
in  a  laboratory  raised  fly  which  had  been  fed  on  a  hen.  If  hereditary 
transmission  of  the  flagellates,  and  food  other  than  blood 
are  eliminated,  it  is  rather  difficult  to  account  for  the  infection  of  so 
large  a  percentage  of  Gl.  palpalis  on  the  island.  It  may  be 
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argued  that  if  hereditary  transmission  does  occur,  all  the  flies  in  such 
a  restricted  area  should  have  been  infected.  As  is  known,  the  infection 
tends  to  die  out  of  the  intestine,  or  at  least  apparently  so,  though  the 
persistence  of  unrecognised  forms  of  the  parasites  cannot  yet  be 
excluded.  This,  however,  depends  on  the  lack  of  suitable  pabulum, 
and  it  is  within  the  bounds  of  possibility  that  when  a  ‘  negative  ’  fly 
does  get  a  meal  of  the  required  sort,  the  ordinary  forms  of  the  flagel¬ 
lates  may  be  evolved  from  the  unrecognised  forms.  In  the  flies  we 
examined,  traces  of  a  meal  (blood)  were  found  in  33' i  per  cent  and 
parasites  in  42  per  cent.,  but  as  the  blood  is  digested  in  a  shorter 
period  of  time  than  the  parasites  take  to  disappear  from  the  intestine, 
this  discrepancy  can  be  accounted  for.  To  some  degree,  the 
reinfection  of  the  intestine  may  be  due  to  ingestion  of  the  proboscidal 
forms,  provided  that  the  fly  feeds  a  second  time  before  these  have 
died  out. 

The  further  point  also  arises  as  to  the  identity  of  the  forms  seen 
in  Gl.  morsiians.  In  general  they  appear  to  be  similar  to  those  found 
in  Gl.  palpalis,  except  in  minor  points.  If  they  are  the  same  species, 
many  species  of  vertebrates  must  harbour  the  parasites,  if  we  accept 
the  view  that  they  are  derived  from  vertebrates,  since  Gl.  morsitam 
feeds  to  a  great  degree  on  a  different  fauna  from  that  on  which 
Gl.  palpalis  feeds.  There  is  no  reason  to  suppose  that  the  two 
species  are  identical  other  than  the  similarity  in  fonn,  and  this 
is  not  a  decisive  feature  for  the  determination  of  species  amongst  the 
trypanosomes. 

Diversity  of  opinion  also  exists  as  to  the  origin  of  the  forms  found 
in  the  proboscis.  Stuhlmann^  considers  that  they  are  derived  from 
the  intestinal  forms,  the  infection  of  the  proboscis  being  the  final 
stage  in  the  development  of  ingested  trypanosomes.  Roubaud,®  on 
the  other  hand,  thinks  that  the  infection  in  the  proboscis  is  an  entirely 
distinct  thing  and  that  it  is  to  be  accounted  for  by  the  fixation  and 
multiplication  of  pathogenic  trypanosomes,  in  situ,  which  have  been 
ingested  in  the  act  of  feeding. 

There  are  several  points  which  tend  to  invalidate  Roubaud's 
conclusions.  He  does  not  state  whether  he  examined  the  proboscides 
of  freshly-caught,  unfed  flies  for  the  presence  of  flagellates,  and  it  is 
possible  that  he  mistook  the  naturally-occurring  forms  for  those 
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developed  from  pathogenic  ones.  If  they  are  derived  from  these,  and 
not  from  the  ordinary  intestinal  forms,  there  does  not  seem  to  be 
any  reason  why  the  development  in  the  proboscis  should  only  occur 
in  10  per  cent,  of  the  flies  fed,  and  not  in  all,  and  this  is  the  percentage 
in  which  intestinal  infection  was  present  in  his  flies.  Moreover,  he 
does  not  give  any  reason  for  stating  that  the  intestinal  parasites  are 
cultural  forms  of  T.  fecaudi  which  must  have  been  derived  from  big 
game.  In  the  first  place,  it  is  extremely  rare  to  find  trypanosomes  in 
buck,  and,  secondly,  it  does  not  follow  that  such  parasites  as  may  be 
present  are  T.  pecaudi.  We  do  not  wish  to  criticise  unnecessarily, 
but  in  working  with  tsetse  flies  great  caution  must  be  observed  before 
reaching  definite  conclusions.  The  greatest  objection  to  the 
assumption  that  the  forms  seen  in  the  proboscis  are  derived  from 
pathogenic  trypanosomes  is  that  they  are  innocuous  w'hen  injected 
into  susceptible  animals. 

Our  results  are  discordant,  for  in  Gl.  morsiians,  both  intestinal  and 
proboscidal  forms  were  encountered,  while  in  Gl.  palpalis  only  the 
first  were  seen.  This  may  be  accidental,  and  more  continued  work 
might  have  resulted  positively. 

Of  the  two  hypotheses  we  are  inclined  to  agree  with  that  of 
Stuhlmann  :  that  the  parasites  in  the  proboscis  are  derived  from  those 
in  the  intestine. 

It  is,  perhaps,  possible  that  the  parasites  occurring  in  ‘  wild  ’  tsetse 
flies,  as  distinct  from  laboratory  bred  ones,  may  be  derived  from 
pathogenic  trypanosomes  which  lose  for  some  unknown  reason  their 
infectivity  when  ingested,  and  it  is  possible  that  the  intestinal  forms 
do  not  all  belong  to  one  species  but  represent  a  mixed  infection. 
This  can  only  be  decided  by  lengthy  experiments. 

In  the  case  of  Gl.  morsitans  it  would  seem  on  a  priori  grounds 
that  a  development  of  the  pathogenic  trypanosomes  does  occur,  for 
it  is  a  reasonable  certainty  that  any  susceptible  animal  exposed  to 
their  bites  in  nature  will  become  infected.  All  such  infections  cannot 
be  explained  by  a  mechanical  transmission.  The  recent  work  of 
Kleine,  and  its  confirmation  by  Bruce,  shows  that  a  development 
apparently  does  occur. 
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1.  INTRODUCTION 


In  our  previous  report,**  published  in  June,  1908,  we  reviewed 
shortly  the  conditions  we  had  found  in  North-Eastern  Rhodesia 
mentioned  the  distribution  of  tsetse  Hies  so  far  as  we  had  ascertained 
it  at  the  time,  and  made  several  suggestions  as  to  measures 
designed  to  limit  the  further  extension  of  human  trypanosomiasis, 
Unfortunately,  a  second  report  desiiatched  in  October,  1908,  went 
astray,  so  that  some  of  the  observations  embodied  in  the  present  paper 
are  rather  belated.  It  has  been  deemed  advisable,  however,  tu 
incor])orate  them  for  the  sake  of  comjrleteness. 

On  leaving  Madona,  on  the  Luapula  river,  in  February,  1908,  wc 
proceeded  to  Lake  Bangwculu  and  after  spending  some  days  on  its 
western  shores  and  on  its  islands,  sc])aratcd  ;  one  of  us  now  covcriiijr 
the  country  drained  hy  tlic  Chambesi  river,  while  the  other  followed 
the  Kalungwi.si  and  Euangwa  rivers  to  f.ake  Mweru,  thence  along 
the  northern  Anglo-(.longolese  boundary  and  the  British  section  of 
Lake  Tanganyika.  This  work  was  completed  at  Abercorn  in  juiip, 
1908.  I'hc  next  few  months  were  spent,  partially  on  an  island  at 
the  south  end  of  Lake  Tanganyika,  and  partially  at  a  camp 
established  about  thirty  miles  from  this  lake,  on  the  bluff  overlooking 
the  Lovu  river.  Wc  left  for  England  on  the  15th  of  November,  1908. 
One  of  us  proceeded  straight  from  Abercorn  to  railhead — Broken 
Hill, — the  other  travelled  across  the  Tanganyika-Nyasa  plateau  to 
Karonga,  and  then  by  way  of  Eake  Nyasa  and  the  rivers  Shire  and 
Zambesi  to  Chinde.  The  expedition  reached  England  on  the  27th 
of  March,  1909,  after  an  absence  of  twenty-three  months,  some  twenty 
of  which  were  actually  spent  in  the  country.  'I'hc  routes  followed, 
together  with  tlie  distribution  of  tsetse  flics  in  North-Eastern 
Rhodesia,  Nyasaland,  and  portions  of  North-Western  Rhodesia  and 
the  Congo  Free  .State,  will  be  found  on  the  attached  map.  .Some 
seven  thousand  miles,  exclusive  of  small  trips,  have  been 
covered,  and  observations  have  been  made  over  a  large  portion  of 
these  countries,  but  it  should  be  noted  that  practically  all  the  places 
were  visited  only  once,  so  that  no  very  great  degree  of  finality  exists 
in  the  work.  In  a  few  instances  wc  were  able  to  institute  comparisons 
at  different  seasons  of  the  year. 

*  KinRhoni  and  Montgomery,  iqoS.  Annals  Trop.  Medicine  and  I’arasitoloSi'i 
Vol.  II,  No.  2, 
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With  tin--'  e\cri)tion  of  tlie  distrilntliDn  of  tsetse  Hies,  innst  of 
onr  information  is  lirst-haiul,  as  until  Europeans  st.irted  to  scarrli  for 
cases  of  .Sl('e|tln}^  Sickness,  the  natives  were  in  entire  ip^noraiu'e  of 
the'  disease,  ;nul  even  yet  have  not  grasped  the  danger  whicli  attaches 
111  it.  In  many  parts  of  the  country  they  denied  the  presence  of 
tsetse  Hies,  although  these  were  caught  within  the  village. 

I'ur  iiistimco,  at  Kutuliisliia's,  on  llu'  rivci'  Itif  siviit  lliiit  llicif 

wiTO  no  tsetse  Ilie.s  (tnseinbe)  in  tlio  iieiKliliotirluiotl.  't'lnee  spoi-imcns  ot 

morsitons  were  r.auglit  in  the  village. 

,\t  Komlia's  village,  on  I, alto  Tanganyika,  we  were  Inld  lInU  there  were  no 
tsetse  hies.  (It.  flit /'ll  tis  was  fairly  ahutulant  along  llic  lake  shore. 

This  was  due,  in  all  probability,  lo  the  fad  lliat  they  did  not 
possess  any  live  stock,  for  in  those  distriets  where  domestie  .animals 
were  fottnd,  the  owners  knew  tlie  Hies  tind  the  disease  which  they 
produced. 

11.  PHYSICAL  CHARACTERS  OF  THE  COUNTRY 

The  general  consensus  of  ojtinion  is  that  (Hossinn  pa/f>a/is  does 
not  exist  at  elevations  above  four  thousand  feet,  and  although  nutton 
and  TockP  mention  an  histance  in  which  they  were  found  above  this 
height,  reported  on  the  authority  of  an  olTicer  in  the  Clongo  h'ree  State 
service,  confirmatory  observations  are  lacking.  In  view  of  tliis,  it  is 
of  some  interest  to  lake  notice  ol  the  pliysical  gecjgraphy  of  Norlh- 
EasLern  lihodcsia  and  Nyasaland,  since  Lhe  greater  part  of  these  two 
countries  is  formed  of  high  iilatcau  ground.  .Speaking  broarily, 
North-Eastern  Rhodesia  may  be  described  as  cum|iosing  a  part  of 
the  watershed,  running  diagonally  south  and  west,  which  separates  the 
Eongo  and  Zambesi  systems,  and  which,  for  the  most  part,  reaches 
an  elevation  of  from  four  to  over  five  thousand  feet  above  sea  level. 
It  is  split  up  into  more  or  less  parallel  sections  by  the  Euainila, 
Chambesi  and  I.uangwa  rivers,  anti  in  many  [ilaces  the  fall  from  lhe 
plateau  to  lhe.se  river  valleys  is  very  abrupt,  as,  for  example,  on  the 
west  side  of  the  Luangwa  where  the  Machinga  escarpment  rises  very 
acutely  some  two  thousand  feet  This  abrupt  fall  is  parliciikniy 

*  Dutton  and  Todd,  1907.  Annals  Tropical  Medicine  and  I’arasitology , 
Vol.  I.  No.  I. 

Martin  (Les  trypanosomes  do  le  Gnindc  francaise,  1906,  A.  Maloine,  Paris) 
mcnlioiiB  lliiit  lie  caiiglil  a  single  specimen  of  Ct.  /nl/alis  at  an  elevation  of 
1,000  nietre.s. 
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marked  at  the  south  end  of  Lake  Tanganyika  and  the  north  end  of 
Lake  Nyasa,  where,  in  both  cases,  it  occurs  almost  at  the  water's 
edge.  At  the  south  end  of  Lake  Nyasa  and  in  the  neighbourhood  of 
Lakes  Mweru  and  Bangweulu,  the  slope  is  more  gradual,  and  the  level 
of  the  plateau  is  only  reached  at  a  distance  of  forty  or  hfty  miles 
from  the  river. 

Neave*  has  reported  that  the  occurrence  of  Glossina  palpalis  oxi 
several  of  the  rivers  in  the  Katanga,  stops  rather  suddenly  about 
1 0°30'  S.,  in  some  cases  coinciding  with  the  abrupt  rise  to  the  plateau 
level.  On  the  Luapula  river  no  such  marked  transition  occurs  ;  indeed 
the  drop  between  Lake  Bangweulu  and  Lake  Mweru  is  only  some 
seven  hundred  feet  (3,700-3,000  ft.),  but  the  stoppage  of  the  fly  at 
about  ii°30'  S.  corresponds,  more  or  less,  with  a  change  in  the 
vegetation  of  the  river  banks.  North  of  that  latitude,  the  banks  are 
fairly  well  wooded,  while  south  of  it,  the  river  runs. for  long  stretches 
through  bare,  flat  country,  and  this  probably  has  acted  as  a  bar  to  the 
extension  of  Gl.  palpalis  to  Lake  Bangweulu  and  the  Chambesi 
Valley. 

Neave  also  suggests  that  the  absence  of  GL  palpalis  from  the 
greater  part  of  Rhodesia  and  Nyasaland  may  be  due  to  the  change 
in  the  fauna,  which  occurs  in  this  portion  of  Africa,  from  the  West 
Coast  type  to  that  of  the  Eastern  and  Angolan  regions.  Apparently 
this  species  of  fly  oversteps  the  boundary,  for  it  was  captured  on  the 
Zambesi,  between  Tete  and  the  Victoria  Falls,  by  Sir  John  Kirk.t 
Since  the  conditions  on  Lake  Nyasa,  on  the  Luangwa  river  and  on 
other  tributaries  of  the  Zambesi  are  quite  favourable  for  the  existence 
of  GL  palpalis,  it  is  very  important  to  ascertain  as  soon  as  possible 
whether  it  is  still  to  be  found  anywhere  along  this  system  of  waters, 

Altitude  is  unfavourable  to  the  development  of  GL  palfaln, 
probably  on  account  of  the  temperature.  According  to  Roubaud+  the 
most  suitable  temperature  varies  between  25°  and  30°  C.,  and  on  the 
plateau  the  mean  is  lower  than  this.  At  Kambole,  on  the  Tanganyika 
plateau  (about  4,800  feet  above  sea  level)  where  careful  records  were 
kept  for  some  years,  the  mean  daily  temperature  was  found  to  be 
21°  C.,  and  the  variation  between  7'2°  and  32'2°  C.  These  conditions 


*  Neave,  1908.  Report  of  Katanga  Medical  Commission,  Ixindon. 
t  Austen,  1903.  Monograph  of  the  Tsetse  flies, 
t  Roubaud,  1908.  Bulletin  Soc.  Pathologic  exotique,  T.  I,  No.  5. 


would  hold  good  for  many  portions  of  the  country,  and  it  may  safely 
be  said  that  on  the  plateau  the  vegetation  and  temperature  approach 
the  temperate  more  closely  than  the  tropical  type.  At  the  level  of  the 
lakes  and  in  the  large  river  valleys,  the  conditions,  of  course,  are 
niuch  different,  and  are  sufficiently  well  marked  to  be  quite  perceptible 
in  passing  from  the  low  to  the  high  levels. 

There  are  other  factors,  than  the  altitude  and  temperature,  which 
would  tend  to  limit  the  presence  of  Gl.  palpalis  in  the  main  portion 
of  the  territory  with  which  we  are  dealing.  The  annual  rainfall,  for 
instance,  is  comparatively  low,  from  40  to  50  inches,  and  the  drainage 
is  so  complete  that,  except  in  the  rains  (end  of  October  to  end  of 
March),  all  but  the  main  rivers  are  dried  up,  so  that  the  air  lacks  the 
humidity  which  is  apparently  necessary  for  the  development  of  this 
species.  The  lack  of  shade  is  another  factor.  The  whole  of  the 
country  is  covered  with  a  very  thin  type  of  bush  formed  by  small, 
scraggy  trees  which  afford  very  little  shade.  At  frequent  intervals 
the  bush  is  interrupted  by  grassy  ’’  dambos  ’  or  plains,  of  varying  size, 
which,  in  the  rains,  act  as  reservoirs  into  which  the  water  drains  from 
the  surrounding  localities  and  from  which  the  streams  take  origin. 

The  shores  of  Lake  Tanganyika  are  anomalous,  in  that  the  fly  is 
found  where  there  is  practically  no  shade,  but  the  greater  humidity 
and  higher  temperature  are  doubtless  important  factors  in  determining 
their  presence  there. 

Most  of  the  streams  in  Rhodesia  and  Nyasaland  have  been 
insufficiently  explored  for  Gl.  palpalis,  and  while  it  has  not  as  yet 
been  found  on  many  of  them,  it  would  be  advisable  that  more  time 
should  be  devoted  to  the  search  before  an  absolutely  negative  result 
is  recorded.  So  far  as  the  general  conditions  go,  there  is  no  reason 
to  suppose  that  the  species  would  not  flourish  just  as  well  on  many  of 
the  more  central  streams  as  they  do,  for  example,  on  parts  of  the 
Luapula. 

III.  DISTRIBUTION  OF  TSETSE  FLIES 

I.  Glossina  palpalis. 

A.  In  North-Eastern  Rhodesia. 

In  our  earlier  report,  we  said  that  this  fly  had  been  found  on  both 
banks  of  the  Luapula  river  from  Kapwepwi’s  (il°3o'  S.)  to  Kasiwa’s, 
a  village  on  the  British  side  about  io°l5'  S.  Beyond  Kasiwa’s, 
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proceeding  downstream,  the  river  is  bordered  by  gradually  widening 
swampy  flats,  along  which  the  fly  has  not  been  found. 

We  went  along  the  British  bank  of  this  portion  of  the  Luapula  river  in 
January,  at  the  height  of  the  rains,  but  could  not  travel  by  water  as  there  were  no 
canoes  available.  Dr.  Spillane  covered  it  in  October,  and  reported  that  he  could 
not  find  Gl.  falfalis  at  that  time  (commencement  of  rains). 

On  the  Belgian  side,  however,  the  banks  are  high  and  protected 
by  trees,  and  it  is  quite  probable  that  the  species  exists  farther 
down  stream  on  this  side  of  the  river  although  we  cannot  speak 
definitely  on  this  point. 

The  fly  is  also  found  on  the  Kalungwisi  river,  along  a  small  stretch, 
about  ten  miles  in  length,  starting  just  below  the  old  Kalungwisi 
station  and  proceeding  up-stream.  Here  the  river  flows  through  low 
hills  which  are  well-wooded  to  the  water’s  edge.  Above  these  hills 
to  the  point  of  emergence  from  the  Machinga  (the  hills  at  the  edge 
of  the  plateau)  and,  again,  below  Kalungwisi  boma  to  Lake  Mweru, 
the  river  runs  between  low,  grass-covered  banks,  bounded  on  either 
side  by  wide,  marshy  flats,  and  along  these  portions  of  its  course 
Gl.  palpalis  has  not  been  found. 

On  two  separate  occasions,  in  May,  1908,  just  at  the  cessation  of  the  rains,  we 
explored  the  river  by  canoe,  but  saw  no  trace  of  Cl.  -palfalis. 

In  May,  1908,  we  followed  the  Kalungwisi  to  its  junction  with  the 
Luangwa  river,  and  then  went  up  this  stream  for  some  distance,  but 
were  unable  to  find  any  trace  of  the  fly,  although  in  many  places  the 
conditions  were  most  favourable.  In  its  upper  reaches,  the 
Kalungwisi,  like  so  many  of  the  Rhodesian  rivers,  flows  through 
very  wide  grassy  plains  almost  completely  destitute  of  cover. 

On  Lake  Mweru. — The  fly  is  not  uniformly  distributed  around 
the  whole  shore  of  this  lake,  but  occurs  in  small  patches  where  the 
trees  and  bushes  approach  close  to  the  water.  On  the  open  sandy 
beaches  it  is  absent.  It  is  also  found  for  some  distance  up  some  of 
the  tributaries  of  the  lake,  for  example  the  Luao  and  the  Luchinda, 
and  of  course  along  the  Lualaba  after  its  exit  from  the  lake.  It  is 
also  present  on  the  island  Kilwa  (Spillane). 

On  Lake  Tanganyika. — Glossina  palfalis  occurs  around  the 
whole  extent  of  the  British  shore,  and  up  the  principal  confluent  of  this 
part  of  the  lake,  the  Lovu  river,  for  a  distance  of  from  fifty  to  sixty 
miles  from  its  mouth  (i.e.,  a  short  distance  above  the  junction  of  the 
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Mukotwe  river).  Above  this  point,  the  change  in  the  character  of 
the  country  probably  accounts  for  its  absence.  The  fly  is  also  found 
for  shorter  distances  up  some  of  the  smaller  tributaries  of  the  lake 
and  the  Lovu. 

The  fly  was  first  found  on  Lake  Tanganyika  by  Spillane  in  November,  1907 
(beginning  of  the  rains).  We  found  it  on  the  Lovu  in  June,  1908  (dry  season),  and 
also  at  many  places  on  the  lake.  In  July  and  August,  1908,  the  fly  was  traced  up 
the  Lovu  river  by  Spillane  and  S.  A.  Neave.  We  utilised  canoes  in  this  work. 

During  the  months  of  March  and  April,  1908,  some  time  was  spent 
on  the  shores  of  Lake  Bangweulu  and  on  its  islands,  as  well  as  along 
some  of  its  confluents,  but  on  none  of  these  were  we  able  to  find 
Gl.  falpalis.  The  western  shore  of  the  lake  and  some  portions  of 
the  islands  have  definite,  wooded  banks,  but  the  northern  and  eastern 
sides  have  not.  On  these  sides,  all  the  tributaries  of  the  lake  flow 
through  large  swampy  plains  as  they  approach  it,  and  these,  in  turn, 
expand  into  immense  marshes  around  the  open  water.  The  Chambesi 
river  with  some  of  its  affluents  (April  and  May,  1908),  the  Luapula 
from  Lake  Bangweulu  to  Chongola’s  village  (September,  1907,  and 
March,  1908),  and  a  joortion  of  the  Luangwa  flowing  into  the 
Zambesi  (August,  1907),  were  examined  with  negative  results.  These 
have  also  been  searched  by  S.  A.  Neave  with  the  same  result. 

B.  In  Nyasaland. 

Gl.  pal  falls  has  not  yet  been  found  on  the  lake  or  any  of  its 
tributaries.  The  only  portions  we  have  examined  are  the  northern 
end  of  the  lake,  and  parts  of  the  Songwe,  Luflra,  and  North  Rukuru 
rivers,  in  December,  1908. 

2.  Glossina  morsiians. 

A.  In  North-Eastern  Rhodesia. 

In  this  country  Gl.  morsiians  has  an  extremely  wide  distribution. 

The  only  parts  which  can  be  said,  with  any  degree  of  certainty, 
to  be  free,  are  the  Tanganyika-Nyasa  plateau,  the  plateau  in  the 
neighbourhood  of  Serenje,  and  a  small  district  around  Fort  Jameson. 

B.  In  Nyasaland. 

The  fly  is  reported*  as  being  absent  in  the  mountainous  northern 
districts  of  the  country.  Its  chief  distribution  is  along  the  low 

•Survey  made  bj'  the  late  Capt.  F.  H.  Hardy,  K.A.M.C.,  and  Dr.  Wykesmith. 


country  between  the  lake  shore  and  tlie  liills,  starting  about  12°  S, 
and  extending  down  the  Shire  river  for  some  distance. 

C.  In  North  Western  Rhodesia. 

The  distribution  lias  been  given  in  our  earlier  report,*  and 
includes  most  of  the  country  north  of  tlie  hook  of  the  Kafue  river. 

IJ.  In  the  Katanga  district  of  tlie  Belgian  Congo. 

According  to  Massey, t  C7.  morsitans  is  pre.sent  over  most  of  this 
territory,  and  we  have  established  the  continuity  of  its  area  of 
distribution  m  the  Katanga  with  the  bounding  areas  in  N.W.  and 
N.E.  Rhodesia. 

3.  Glossina  f  usen. 

A.  Tn  North-Eastern  Rhodesia. 

A  specimen  of  this  species  is  reported:];  to  have  been  caught  on  the 
Luangwa  river  close  to  its  junction  with  the  Zambesi. 

B.  In  Nyasaland. 

It  lias  been  caught  on  the  road  running  past  the  elephant  marsh, 
near  Chiromo,  and  also  near  Kaporo’s  village  on  Lake  Nyasa,  to  the 
north  of  Karonga.  It  is  not  very  common  at  either  of  these  places, 
and  only  one  or  two  specimens  have  ever  been  caught  at  a  time.  We 
failed  to  find  it  near  Karonga  in  December  last. 


IV.  HABITS  OF  GLOSSINA  PALPALIS 

Our  observations  accord,  in  most  particulars,  with  those  which 
have  been  given  by  other  workers.  On  many  occasions  we  were 
struck  by  the  apparent  indifference  these  flies  dispilayed  in  the 
presence  of  food,  and  although  they  would  alight  on  the  bare  skin  of 
a  native,  they  would  often  remain  quiescent  for  a  considerable  length 
of  time  without  making  any  effort  to  feed.  In  this  respect  they  differ 
most  markedly  from  67.  niorsilans,  for  this  species,  as  a  rule,  does  not 

*  Monlgoniory  and  Kiiighorn,  igtiS.  Annals  Trop.  Med.  and  I'arasil., 
Vol.  II.  No.  2. 

t  I’rivate  conimunication. 

t  Brivale  coniimiiiication,  Administrator  of  N.  1'..  Khodesia. 
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waste  any  time,  bill  proceeds  to  fdl  itself  voraciously  almosl  as  soon 
as  it  has  settled.  So  far  as  our  experience  goes,  GL  morsUans  is 
much  the  more  troublesome. 

Oil  tlio  march,  wherever  67.  morsHans  was  at  all  plentiful,  all  the  carriers 
pruvitlecl  Ihemselveg  with  hunches  of  leaves,  ami  the  comstant  souml  of  these 
siriliing  the  shin  bore  evidence  to  the  viciousness  of  the  Hies. 

Ill  most  places  the  conditions  under  which  we  caught  Gl.  palpalis, 
a|iproach  closely  to  those  obtaining  in  ITganda  and  other  parts  of 
Africa;  that  is,  there  was  fairly  abundant  shade  afforded  liy  the  trees 
and  bushes  along  the  water  courses,  but  on  Lake  Tanganyika  a  most 
slriking  difference  was  noticed.  This  lake  is  closed  in  by  iirecipitoiis 
cliffs  from  one  to  two  thousand  feet  high,  wliich  come  to  wilhin  a 
short  distance  of  the  water.  The  shores  shelve  gradually  from  Ihe  foot 
of  the  hills,  are  sandy  or  pebbly,  and  are  either  quite  devoid  of 
vegetation,  or,  at  most,  furnished  witli  small  patches  of  the  reed  known 
locally  as  ‘mtete’  or  ‘  bango  ’  {Phragmkes  conitiiiinis).  In  only  a 
very  few  places  does  this  assume  any  luxuriance  of  growth,  yet  it  was 
noted  that  the  fly  could  almost  always  be  found  at  even  the  scantiest 
collection  of  isolated  rceils.  'Phey  were  frequently  seen  liasking  in 
Ihe  sun,  on  the  rocks  at  the  water's  edge.  The  whole  picture 
presented  by  these  rocky  beaches  with  small,  .scattered  patches  of 
reeds  differs  very  materially  Irom  what  has  been  considered  to  he 
typical  '  pal  Palis'  country,  i.e.,  wooded  banks  affording  plentiful 
sliade.  This  may  be  a  local  peculiarity  of  the  species  {Glossina 
pnlpalis,  Rob.-JDesv.,  var.  ivcllviani,  Austen,  and  intermediate  forms 
between  this  and  the  type  species),  or  it  may  indicate  that  in  the 
absence  of  more  tavourable  conditions,  other  factors  being 
suitable,  the  fly  is  capable  of  a  certain  amount  of  adaptability,  and 
this,  of  course,  becomes  of  some  importance  in  consirlering  the 
possible  extension  of  the  species.  We  have  been  informed  lay 
Prof.  Podd  that  Gl.  pnlpalis  is  common  on  long  stretches  of  the 

Upper  C  ongo,  where  the  banks  on  either  side  are  covered  with  grass 
alone. 

On  the  Lovii  river,  along  the  portion  examined  by  us,  (he  banks 
are  covered  with  a  dense  growth  of  the  reed  we  have  mentioned 
above,  and  onl}/-  an  odd  bush  or  two,  yet  the  fly  was  very  abundant. 
The  shade  afforded  by  the  reeds  was,  however,  very  dee])  here. 

Many  observers  have  noted  a  seasonal  variation  in  the  niimlier  of 
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the  flies  found,  and,  curiously,  the  one  or  two  instances  of  this  which 
we  have  seen,  have  been  the  reverse  of  the  usual  statement  that  they 
are  more  abundant  in  the  wet  season. 

The  Lovu  river  was  visited  by  Dr.  Spillane,  the  P.M.O.  of  N.E 
Rhodesia,  in  November,  1907,  when  the  rains  were  on,  and  at  that 
time  no  flies  were  seen  by  him ;  yet  when  we  got  there  in  June,  igo8, 
two  months  after  the  close  of  the  wet  season,  they  were  particularly 
plentiful.  It  is  not  clear  why  this  should  be  so,  for  along  this 
particular  stretch  of  the  river  there  are  many  villages  and  an  assured 
supply  of  food.  On  an  island  in  Lake  Tanganyika,  which  was  visited 
at  the  height  of  the  dry  season  (July),  and  again  at  the  commencement 
of  the  rains  (November),  there  was  no  apparent  difference  in  their 
numbers,  but  these  were  so  great  that  it  would  be  difflcult  to  draw 
any  definite  conclusions.  On  the  lake  shore,  however,  fly  were  caught 
during  the  rains  at  several  places  where  they  were  not  seen  in  the 
dry  season. 

There  is  apparently  a  seasonal  variation  in  the  proportion  of  the 
sexes.  On  the  island  referred  to,  of  1,409  specimens  of  Gl.  palfdu 
caught  in  July  (height  of  dry^  season),  1,282  were  males  and  127 
females,  a  proportion  of  lO  :  i.  In  November,  just  after  the  rains 
had  set  in,  of  401  specimens  caught  at  the  same  place,  396  were  males 
and  only  five  females,  a  proportion  of  79  :  i.  This  may  indicate  that 
it  is  at  this  time  of  the  year  that  the  females  are  depositing  larvae, 
and  that  during  this  process  they  become  less  active  than  in  the  dry 
season,  when  the  humidity  and  the  temperature  are  lower. 

In  spite  of  prolonged  and  careful  search,  we  were  never 
successful  in  finding  pupae,  and  in  this  our  experience  coincides  with 
that  of  Ensor*  in  the  Soudan.  It  may  have  been  due  to  the  fact  that 
the  island  was  composed  of  very  rough,  broken  stone,  with  very  little 
soil,  so  that  the  pupae  might  easily  have  dropped  into  the  crevices  of 
the  rocks  where  they  could  not  be  found.  ' 

Our  search  was  made  along  the  shores  of  an  island,  just  above  the  edge  of  the 
water  and  two  or  three  yards  inland.  We  were  assisted  by  five  or  six  ‘fly-boys'  ^ 
trained  in  the  work,  and  although  they  often  brought  us  pupa  cases  they  were  never  1 
those  of  Gl.  falfalis.  On  each  occasion,  several  hours  were  devoted  to  the  work, 
and  during  our  stay  on  the  island,  in  the  months  of  July  and  November,  we  J 
searched  at  least  half  a  dozen  times.  We  always  selected  the  places  where  the  [ 
shade  was  most  abundant. 

*  Knsor,  rgo8.  Reports  of  the  Wellcome  Research  Laboratory,  No.  3.  I 
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It  is  hardly  necessary  to  consider  at  any  length  the  question  as  to 
whether  crocodiles  form  the  staple  article  of  diet  of  Glossina  falfalis, 
as  has  been  suggested  by  Koch  *  In  captivity  the  fly  will  feed  on 
various  animals — we  have  used  dogs,  monkeys,  sheep,  goats,  hens, 
a  hornbill,  and  some  small  birds — and  in  its  wild  state  the  source  of 
food  will  be  determined  altogether  by  the  local  fauna.  In  some 
places  where  Gl.  pal  falls  exists,  there  are  no  crocodiles ;  so  that  the 
association  of  the  two  is  more  or  less  accidental. 

For  instance,  at  Madona  we  were  informed  by  residents  of  many  years’ 
standing  that  it  was  an  extremely  rare  event  to  see  a  crocodile,  yet  the  fly  was 
plentiful.  Again,  some  of  the  streams  flowing  into  the  Lovu  river  were  too  small 
to  harbour  crocodiles  and  yet  the  flies  existed  on  the  streams. 

One  very  common  source  of  food  is  afforded  by  several  species  of 
water  birds,  especially  darters,  which  are  accustomed  to  sit  for  hours 
on  dead  trees  at  the  water’s  edge,  with  their  wings  widely  outspread. 

On  the  island  in  Lake  Tanganyika,  of  which  we  have  already  spoken,  the  only 
living  things  were  several  species  of  birds,  chiefly  water-fowl,  some  snakes,  mice, 
and  a  few  crocodiles.  This  island  lies  at  least  two  miles  from  the  mainland,  and 
has  been  uninhabited  for,  certainly,  the  pa.st  twenty  y^ears.  Although  Gl.  falfalis 
was  extremely  abundant,  and  was  found  around  the  whole  of  the  shore,  the 
crocodiles  w'ere  practically  confined  to  one  particular  bay%  so  that  all  the  fly  did 
not  have  the  opportunity  of  feeding  on  them.  We  attempted  to  feed  captive  flies 
on  freshly-shot  crocodiles,  and  while  they  made  vigorous  efforts  to  do  so,  they  were 
unable  to  pierce  even  the  thinnest  portions  of  the  skin  of  the  particular  crocodiles 
we  were  using. 

About  33  per  cent,  of  the  flies  we  examined  {61  out  of  185),  on  this  island, 
showed  evidence  of  having  fed  on  blood.  In  every  case,  with  the  exception  of  one. 
the  blood  cells,  when  recognisable,  were  oval  and  nucleated,  but  we  were  not  able 
to  determine,  with  any  degree  of  certainty,  whether  they  were  from  birds  or 
reptiles.  None  of  the  birds  or  crocodiles  we  shot  had  blood  parasites,  e.g.,  haemogre- 
garines,  and  the  changes  produced  in  the  contours  of  the  cells  and  nuclei  by  the 
process  of  digestion  rendered  measurements  useless.  In  the  odd  fly,  the  blood  was 
human,  and  quite  fresh,  and  had  evidently  come  from  one  of  the  boys  engaged  in 
catching  specimens. 

417  per  cent.  01  the  Gl.  falpalis  were  infected  with  intestinal  parasites 
of  the  herpetamonad  type.  The  discussion  of  these  forms  is  reserved  for  a  future 
paper. 

V.  HABITS  OF  GLOSSJNA  MORSITANS 

So  far  as  the  time  of  day  at  which  they  are  most  active,  their 
catholicity  of  taste  in  the  matter  of  food,  and  their  preference  for 
dark  colours  are  concerned,  the  habits  of  this  species  are  much  similar 
to  those  of  Gl.  palpalis. 


*  Koch,  1907.  Deutsche  med.  Wochenschrift,  Jahrgang  33,  No.  46. 
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On  several  occasions  we  thought  that  they  showed  a  more  decided  preference 
for  khaki  than  for  the  dark  skin  of  the  native,  but  this  may  have  been  due  to  the 
fact  that  we  walked  ahead  of  the  carriers  and  so  attracted  the  fly  first. 

More  or  less  seasonal  variation  is  observed  in  the  case  of  this  fly, 
and  in  some  localities  apparently  depends  upon  the  winds,  for  during 
the  South-west  monsoon  they  cannot  be  found  on  many  elevated 
spots  where  they  exist  at  other  times  of  the  year. 

When  we  reached  the  top  of  the  plateau  at  the  Lovu  river,  at  the  end  of  May 
igcS,  Cl.  niorsilans  was  present,  but  during  August  we  were  unable  to  get 
specimens,  although  there  were  plenty  in  the  valley  below.  In  October,  when  the 
winds  had  ceased,  they  could  again  be  found  at  the  edge  of  the  plateau. 

Some  of  the  officials  who  have  been  many  years  in  the  country, 
deny  that  there  is  any  great  difference  in  the  numbers  of  the  fly  in  the 
wet  and  dry  seasons.  We  were  never  long  enough  at  any  one  place 
to  make  any  observations  on  this  point.  One  official  said  that  he  had 
noticed  that  the  fly  was  absent  in  the  part  of  his  district  where  the 
soil  was  clayey,  and  that  they  could  be  found  in  surrounding  areas 
where  the  soil  was  sandy.  If  this  observation  is  correct,  it  might  be 
explained  by  the  larvae  being  unable  to  burrow  into  the  stiffer  soil  in 
order  to  pupate.  Another  said  that  they  could  always  be  found  in 
‘  mopani  ’  bush,  i.e.,  forest  composed  of  these  trees,  which  are  rather 
far  apart  and  grow  with  straight  trunks.  The  ground  beneath  them 
is  covered  with  a  scanty  carpet  of  grass,  devoid  of  undergrowth,  as 
the  soil  is  sandy  and  not  very  fertile. 

Gl.  morsitans  requires  much  less  shade  than  Gl.  palpalis,  and  is 
not  commonly  found  in  such  close  connection  with  water  as  this 
species  ;  indeed,  they  may  be  taken  miles  away  from  it. 

Near  Chongola’s  village,  on  the  Luapula  river,  the  country  is  one  series  o! 
immense,  bare,  and  absolutely  level  fiats  separated  by  very  small  patches  of  bush. 
Gl.  mnrsiians  abounds  in  this  bush,  and  also  in  the  small,  bush-clad  ant-bills  which 
dot  the  plains.  They  fly  from  these  ant-hills  to  attack  the  passing  caravans,  but 
are  never  seen  in  the  absolutely  bare  flats,  unless  they  have  been  carried  there  on 
the  natives.  We  travelled  through  this  country,  in  the  dry  season,  for  seven  hours 
on  one  occasion,  before  reaching  a  water  hole. 

Ensor*  has  noted  that  the  two  species  have  selective  spheres  and 
that  they  do  not  encroach  on  one  another’s  territory,  and  while  our 
observations  agree,  on  the  whole,  with  this,  we  have  caught  the  two 
flies  together  under  circumstances  which  would  preclude  the 
possibility  of  Gl.  morsitans  having  followed  us  to  the  water. 


*  I'.nsor,  1908.  Wellcome  Lab.  Reports,  No.  3. 
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This  was  seen  more  particularly  along  the  coast  oi  Lake  Tanganyika  in  several 
of  the  small  bays  which  were  closed  in  by  precipitous  cliffs.  'tVe  landed  at  these 
from  a  canoe,  and  caught  both  species  together. 

They  are  more  resistant  to  changes  of  temperature  than  GL. 
palfialis,  and  will  flourish  at  much  greater  altitudes  ;  in  many  places 
we  have  caught  them  well  over  four  thousand  feet  above  sea  level. 
They  are  said  to  shun  human  habitations ;  this  depends,  apparently, 
to  some  extent  on  the  character  of  the  village,  that  is  to  say,  whether 
it  is  clean  and  well-kept  or  whether  the  spaces  between  the  huts  are 
utilised  to  grow  such  crops  as  cassava,  for  in  such  we  have  caught 
Gl.  morsitans. 

Tor  instance,  they  have  come  into  the  tent  when  pitched  in  a  village,  and  have 
been  caught  in  another  while  we  were  palpating  the  people. 

This  condition,  however,  is  rather  unusual  in  most  parts  of  the 
country,  so  that  it  is  rather  rare  to  see  the  fly  actually  inside  the 
villages. 

It  may  be  as  well,  in  view  of  Koch’s*  statement  that  Gl. 
morsilans  in  German  East  Africa  will  not  attack  men,  to  say  that 
the  Rhodesia  and  Nyasaland  varieties  do  not  hesitate  to  do  so, 
and  wherever  they  are  met  they  become  a  veritable  pest. 

The  pain  felt  when  a  tsetse  fly  bites  is  variable.  It  may  be  so 
acute  as  to  feel  like  a  red-hot  needle,  or,  on  the  other  hand,  it  may  be 
quite  painless.  This  depends  altogether  on  the  spot  they  select.  As 
a  rule,  no  after-effects  are  noticeable  at  the  site  of  the  bite.  In  those 
cases  where  the  fly  experienced  any  difficulty  in  getting  through  cloth, 
it  would  very  frequently  cause  the  wings  to  vibrate  very  quickly,  with 
a  sharp  buzzing  sound,  as  if  it  were  trying  to  bore  through  the 
obstruction.  This  buzzing  sound  is  most  distinctive,  and  often  is  the 
first  thing  which  draws  the  attention  to  the  presence  of  the  flies  when 
they  are  very  scanty  and  difficult  to  catch. 

After  making  all  allowance  for  lack  of  sufficient  observation,  there 
can  be  little  dotibt  that  Gl.  morsitans  is  increasing  in  numbers  in 
these  countries.  This  statement  is  made  by  all  the  Europeans  who 
have  been  in  the  territory  for  any  number  of  years,  and  while  many  of 
them  have  only  taken  an  interest  in  the  question  since  Sleeping 
Sickness  htis  become  so  prominent  a  subject,  and  may,  therefore,  be 
jumping  to  the  conclusion,  definite  evidence  exists  in  some  cases. 

*Koch .  loc.  cit. 
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One  settler  in  Xyasaland,  for  instance,  who  kept  cattle,  had  to  abandon  one 
locality  owing  to  its  invasion  b}'  fly,  and  is  now  finding  that  his  second  estate, 
which  was  free  of  flies  when  he  took  it,  and  on  which  he  has  been  settled  lor 
several  years,  is  very  quickly  being  rendered  useless  to  him  in  the  same  way. 

There  arc  large  herds  of  cattle,  belonging  lo  Muropeans,  at  Fort  John.ston,  at 
the  south  end  of  Lake  Nyasa,  and  numbers  of  these  used  to  he  driven  with  impunity  to 
Zoniba  some  years  ago.  .Since  that  lime,  however,  the  fly  has  spread  to  such  an  extent 
that  it  is  no  longer  possible  to  do  this. 

In  one  district  in  N.  K.  Rhodesia,  actual  fly  maps  were  made  by  a  competent 
observer,  and  these  show  that  the  same  thing  is  happening  there. 

This  increase  cannot  be  ascribed  altogether  to  a  corresponding 
increase  in  the  amount  of  game,  for  the  fly  is  found  in  many  districts 
where  this  is  very  small,  and  in  other  cases  the  reverse  holds  good. 

The  Native  Commissioner  of  the  Serenje  district  of  N.  E.  Rhodesia  told  us  that 
tliere  is  practicallv  no  game  in  the  area  close  to  Chitambo  s  xiliage,  y'et  the  fly  are 
very  plentiful  there. 

Along  a  road,  in  the  Congo  Free  State,  running  parallel  with  the  Luapula 
river,  67.  morsilans  was  present  in  large  numbers,  and  yet  there  were  no  traces  of  game 
in  the  neighbourhood. 

Near  Abercorn,  in  N.  E.  Rhodesia,  there  are  large  herd.s  of  eland,  hartebeest 
and  roan  antelopes,  while  tsetse  flies  are  absolutely  unknown.  Other  examples 
might  be  given. 

It  has  been  recently  suggested  that  the  occurrence  of  the  flies  may 
be  cyclical,  and,  if  so,  it  may  account  to  a  great  degree  foi  these  fads. 
In  Nyasaland,  on  the  South  Rukuru  river,  where  tsetse  flies  are  said 
to  have  been  abundant  twenty  years  ago,  there  are  none  at  the  present 
time,  while  they  are  retuniing  to  the  Chobi  river  and  A\  ankies,  in 
.Southern  Rhodesia,  from  which  they  have  been  absent  for  some  years. 
There  is  a  native  rumour  that  they  are  also  returning  to  a  portion  of 
the  Transvaal. 

As  in  the  case  of  GL  palfalis,  the  food  of  Gl.  morsiiam  will 
depend  on  the  local  fauna,  and  it  does  not  follow,  as  has  often  been 
said,  that  wherever  buffalo  are  found  there  will  also  be  this  fly. 

On  one  occasion,  on  the  west  shore  of  Lake  Uangweulu,  we  covered  a  piece  of 
country  in  which  a  herd  of  from  fifteen  lo  Iwenly  bufTalo  habitually  lived,  without  meetmi; 
with  the  fly  anywhere,  even  close  to  the  herd. 

If  buffalo  are  found  in  country  where  GL  nwrsitans  exists,  it  is 
altogether  natural  that  the  flies  should  be  more  abundant  ui  the 
neighbourhood  of  the  animals,  as  they  do  not  travel  quickly,  are  local 
in  their  habits,  remain  practically  always  under  cover,  and  afford  an 
abundant  supply  of  food.  Farther  than  this,  we  do  not  think  there 
is  any  closer  connection  between  this  particular  or  any  other  species 
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of  game.  In  the  country  itself,  opinion  is  divided  on  the  question  of 
the  inter-relation  of  tsetse  flies  and  game.  Some  men  state  most 
positively  that  there  is  no  close  connection  at  all  between  the  twn. 
Others  say  that  buffalo  and  the  fly  are  always  seen  tog'ether  ;  others 
that  elephant  are  the  selected  animals  ;  others  that  kudu  ;  and  so  on. 
These  conflicting  statements  can  be  explained  in  part  by  incorrect 
observation  and  in  part  by  prejudice. 

VI.  GLAND  PALPATION  AND  PUNCTURE 

During  the  period  February  24th  to  June  15th,  1908,  we  palpated 
17,923  natives,  of  whom  3,056  had  palpable  glands  (post  cervical),  and 
with  our  previous  figures  the  totals  are  26,928  and  4,934,  so  that 
about  a  fifth  of  the  people  (i7'05  per  cent.)  present  the  condition. 
These  glands  are  classified*  as  follows:  — 

-P  ’  29,01-  0'58  per  cent. 

'  +  —  ’  ii5>or  2’33  per  cent. 

‘  H - ’  4,791,  or  97-24  per  cent. 

The  results  of  puncture  were  ;  — 


Class 

No.  found 

No.  punctured 

No.  infected 

Percentage  success 

‘-I’ 

29  1 

29 

21 

72-4 

‘  -I  -  '  ... 

115 

108 

I 

O' 9 

‘  +  -  -  ' 

4791 

60S 

0 

O’O 

Amongst  the  ‘  +  ’  class  we  have  included  two  cases  in  which 
symptoms  of  tuberculosis  were  present  and  in  which  the  gland  juice 
was  purulent,  so  that  when  these  are  excluded  the  percentage  of 
successful  punctures  becomes  77-7.  It  should  be  noted  that  all  the 


The  classification  to  which  we  have  adhered  is  that  used  by  Dutton  and  Todd,  viz.: 
‘  +  ’  glands,  (a)  one  gland,  estimated  size  1-5  x  0-75  cm. 

(^)  several  (3  or  more)  smaller  glands,  the  largest  measuring 
perhaps  ix  0-75  cm, 

+  —  glands,  showing  less  enlargement  than  ‘  -1-  ’  but  more  tlian  ‘  -| - ’ 

'  -t  -  -  '  glands,  (a)  only  one  or  two  glands  measuring  0-5  x  0-25  cm. 

(i)  many  tiny,  usually  hard  and  shot-like  glands,  which  were 
only  just  palpable. 

t  In  two  ol  these  cases,  negative  on  gland  puncture,  and  in  which  there  was 
ito  apparent  cause  for  the  enlargement,  the  blood  and  cerebro-spinal  fluid  were 
centrifuged  and  examined,  but  with  negative  results. 
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natives  were  seen  only  once,  and  it  is  possible,  theiefore,  that  had  we 
been  able  to  examine  them  more  frequently  a  still  greater  percentage 
of  them  might  have  been  found  to  be  infected. 

A  word  may  be  said  here  with  reference  to  the  classification.  In 
all  our  ‘  +  ’  cases  the  enlargement  was  relatively  enormous,  so  mudi 
so  that  in  several  of  them  the  glands  could  easily  be  recognised,  on 
casual  inspection,  as  irregular  swellings  at  the  sides  of  the  neck.  We 
had  the  opportunity  of  seeing  the  great  majority  of  the  other  cases 
found  in  the  country,  and  111  these  the  enlargement  was  also  extremely 
well  marked,  so  that  there  could  not  be  any  hesitation  in  assigning 
them  to  this  particular  class.  All  the  glands  were  freely  moveable, 
separate  from  one  another,  and  of  the  peculiar,  and  almost  diagnostic, 
consistency  which  Hodges*  has  aptly  compared  to  that  of  a  ripe 
damson. 

In  the  one  positive  ‘  ’  case  we  were  led  to  suspect  the  presence 

of  the  disease  by  this  feature  alone,  before  puncture  had  revealed  the 
trypanosomes  in  the  gland  juice. 

Xhe  ‘  y - ’  class  included  glands  which  are  usually  few  in 

number,  and  which  are  very  small  and  hard — like  BB  shot.  They  are 
most  commonly  found  at  the  apices  of  the  posterior  cervical  triangles, 
and  as  we  have  already  pointed  out,  have  no  specific  import,  so  that  | 
a  clear  distinction  may  be  drawn  between  them,  as  being  merely  j 
‘  palpable  ’  as  opposed  to  ‘  enlarged.’ 

The  intermediate,  or  ‘  ^  ’  class,  we  have  found  to  be  of  little  use,  | 

and  our  results  point  to  the  conclusion  that  this  group  is  perhaps 
superfluous.  In  any  such  arbitrary  classification,  however,  so  much 
depends  upon  the  interpretation  of  the  individual  that  it  is  as  well  that 
a  somewhat  smaller  measurement  should  be  adopted  than  the  one  , 
which  would  indicate  with  any  degree  of  certainty  the  presence  of 
trypanosomes.  This  means  but  little  extra  work,  and  increases  the 
efficiency  of  the  method.  Our  experience  bears  out  that  of  Dutton 
and  Todd,t  and  of  Martin  and  Leboeuf,j;  that  the  larger  the  glands 
the  more  likely  is  one  to  find  trypanosomes,  that  is  in  early  cases  of 
the  disease. 


*  Hodges,  1907,  Colonial  reports,  Uganda,  No.  4662. 

t  Dutton  and  Todd,  1906,  Liverpool  School  of  Tropical  Medicine,  Memoir 
XXL 

t  Martin  and  Leboeuf,  igo8.  Bulletin  Soc.  Path,  exotique  T.,  No.  8. 
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The  glandular  enlargement  may  not  be  general,  for  in  our  cases  it 
was  the  exception  to  find  that  the  axillary  and  epitrochlear  glands 
were  enlarged  concurrently  with  those  in  the  neck.  We  have  not 
considered  the  inguinal  glands,  as  in  practically  every  native  there 
was  a  noticeable  degree  of  enlargement  in  these  groups. 

Some  idea  of  the  length  of  time  required  for  the  enlargement  to 
attain  a  marked  degree  is  afforded  by  the  fact  that  some  of  our  cases, 
found  on  Lake  Tanganyika,  with  decidedly  ‘  +  ’  glands,  had  been 
seen  by  Spillane  some  six  months  before,  and  had  not  been  punctured 
by  him  on  account  of  the  small  size  at  that  time.  We  were  informed 
by  one  of  the  medical  officers  engaged  in  Sleeping  Sickness  work  in 
Rhodesia,  that  he  had  seen  one  case  in  which  the  enlargement  had 
occurred  within  three  months. 

In  an  endeavour  to  account  for  the  slight  degree  of  enlargement 
which  is  so  common,  we  recorded  the  approximate  age*  and  the  sex 
of  many  of  the  natives  (18,512),  and  the  relation  of  these  factors  may 
be  seen  in  the  following  table  :  — 


Age 

Males 

Females 

No.  palpated 

No.  glands 

Per  cent. 

No.  palpated 

No.  glands 

Per  cent. 

0 — 10 

2589 

1 128 

43'5 

2944 

73^ 

25-5 

II — 20 

1509 

434 

287 

I  104 

'75 

15-8 

21—30 

2331 

439 

'4-5 

3444 

229 

6-6 

31—40 

2066 

184 

8.9 

2090 

85 

4-0 

Over  40 

269 

7 

2*8 

186 

15 

8-0 

The  gradual  decrease  in  the  incidence  of  palpable  glands  with 
advancing  age  is  very  marked,  and  corresponds  to  a  large  degree  with 
the  general  diminution  in  the  lymphoid  tissue  of  the  body  which  is 
known  to  occur  at  this  period.  It  is,  however,  not  clear  why  there 
should  be  such  a  noticeable  difference  in  the  occurrence  of  enlarged 
glands  in  the  two  sexes.  The  enlargement  is  encountered  in  all  parts 
of  the  country,  and  is  not  related  in  any  way  to  the  distribution  of 

*  We  ^ave  assumed  that  the  age  of  puberty  is  about  12,  and  while  we 
n  eayoured  to  estimate  the  ages  of  the  natives  as  correctly  as  we  could,  we 
annot  vouch  for  the  absolute  correctness  of  them.  We  believe  that  by  dividing 
em  into  decades  we  have  succeeded  in  approaching  some  degree  of  accuracy. 
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biting  flies,  tsetse  more  particularly.  To  a  great  degree  it  may  be 
attributed  to  general  dirtiness,  which  is  always  more  marked  amongst 
the  children. 

..\t  one  village,  near  the  Luangwa  river,  where  the  natives  were  particularlv 
c5irty,  we  were  told  that  they  did  not  wash,  as  they  were  afraid  of  catching  cold. 

Conjunctivitis  and  purulent  discharges  from  the  nostrils  are 
extremely  common  in  babes.  In  some  districts,  skin  diseases,  such  as 
‘  mperi,’  or  itch,  are  frequent,  and  in  others,  e.g.,  amongst  the  Ankonde 
at  the  north  end  of  Lake  Nyasa,  filariasis  may  be  responsible  to  some 
extent.  There,  nearly  every  man  has  some  degree  of  lymph  scrotum, 
and  filaria  may  be  found  in  the  juice  of  the  lymphatic  glands.  It  has 
also  seemed  to  us  that  there  are  tribal  differences,  for  in  those  which 
are  comparatively  cleanly,  e.g.,  the  Awemba,  the  smaller  incidence  is 
quite  noticeable.  This  supports  the  supposition  of  the  enlargement 
being  due  largely  to  general  filthiness. 

.Since  Dutton  and  Todd*  laid  such  emphasis  on  gland  palpation 
and  puncture,  particularly  in  the  early  stages  of  the  disease,  consider¬ 
able  discussion  has  arisen  not  only  as  to  its  value  as  a  method  of 
diagnosis,  but  also  to  the  efficiency  of  the  measures  of  prophylaxis 
based  on  its  application.  Their  original  conclusions  were: 

1.  ‘Gland  palpation  is  by  far  the  most  efficient  method  of 
demonstrating  the  presence  of  trypanosomes  in  cases  of  trypano¬ 
somiasis.’ 

2.  ‘Asa  rule,  enlarged  cervical  glands,  without  obvious  cause,  do 
not  occur  in  districts  from  which  trypanosomiasis  is  absent,’  with  the 
corollary  that  ‘  every  negro  with  enlarged  glands  must  be  considered, 
until  the  contrary  is  shown,  to  be  a  case  of  trypanosomiasis.’ 

3.  ‘  Early  cases  of  trypanosomiasis  have  enlarged  glands,  and 
will,  therefore,  be  detected  by  gland  palpation.’ 

As  in  the  countries  with  which  we  are  dealing  the  detection  of  the 
early  cases  is  the  end  in  view,  we  shall  restrict  out  attention  as  far  as 
possible  to  these. 

1.  ‘Gland  palpation  is  far  the  most  efficient  method . 

*  Dutton  and  Todd,  igo6,  T.iverpool  School  of  Tropical  Medicine, 

Xo.  XXI. 


295 


Dutton’s  and  Todd’s  tig'ures  are,  for  early  cases  :  — 

Glnncl  puncture  ...  ...  ...  ...  ...  ...  cjS'5  ^ucces^cs 

lilnntl  (partly  orilinary  preparations,  partly  centri{ugod)...  .n'4“o 
Ccrrliro-spinal  fluid .  n 

The  results  obtained  by  Greig  and  Gray*  approach  very  closely 
those  just  given,  but  as  cases  in  all  stages  of  the  disease  are  included, 
ihey  are  not  very  valuable  for  our  purpose  :  — 

Gland  puncture  ...  97*0^^ 

Blood  ...  ...  52 

Ccrebrn-spinal  fluid  84*9% 

Koch’st  earlier  results  gave  a  percentage  of  97-4  successful 
punctures,  and  he  states  ‘  dass  dieses  Symptom  (glandular  enlarge¬ 
ment)  bei  den  Trypanosomiasis-Kranken  ein  ganz  constantes  ist,  das 
nicht  wie  das  Auftreten  der  Trypanosomen  im  peripheren  Blutstrom 
starken  Schankungen  unterworfen  ist.’  When  he  found  that  the 
trypanosomes  were  banished  from  the  glands  by  the  use  of  Atoxyl 
he  was  compelled  to  revert  to  the  examination  of  the  blood  in  order 
to  control  the  treatment,  and  then  found  that  by  his  improved  method, 
he  was  able  to  detect  the  parasites  in  40  per  cent,  of  the  cases  by  a 
single  examination,  and  in  practically  all  of  them  after  the  fifth.  He 
goes  on  to  say  that  where  the  examination  of  large  bodies  of  natives 
is  in  question  his  method  would  occupy  too  much  time,  except  in  the 
case  where  the  treatment  is  being  controlled,  and  adds  that  for  quick- 
diagnosis  gland  puncture  must  remain  the  most  practical  (zweek- 
miissigste). 

Martin  and  LeboeufJ  repeated  Dutton’s  and  Todd’s  work  in  the 
French  Congo,  and  their  results  differ  to  some  extent  for  cases 
‘  en  bon  etat’ :  — ■ 


Centrifuged  biood  ...  loo'oo  snccesscii  (6  crises) 

Gland  juice  (complete)  ...  90-56  %  „ 

Cerebro-spinnl  fluid  ...  28-57  ”0  » 

Their  technique  in  centrifuging  the  blood  was  most  thorough, 
involving  three  separate  centrifugations,  occupying  in  all  between 

Greig  and  Gra_v,  1905,  Roy.  Soc.  Sleeping  Sickness  Reports,  Xo.  VI. 

+  Koch,  igoy,  Deutsche  med.  tVochenschrift,  Jahrgang  33,  Xo.  2. 

I  Martin  and  Leboeuf,  igoS,  Bull.  .Soc.  path.  exot.  T.  I,  X'o.  2. 
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threequarters  of  an  hour  and  an  hour.  They  return  to  the  question 
in  a  second  paper*  with  practically  identical  results:  — 

Centrifuged  blood  ...  lOO’OO  %  successes  (12  cases) 

Gland  juice  .  91 '46  %  „ 

Cerebro-spinal  fluid  ...  26'3i  %  ,) 

Finger  blood  ...  ...  36’66  %  „ 

There  is  rather  a  remarkable  falling  off  in  the  blood  examinations  in 

their  ‘suspected’  cases,  per  cent.,  as  compared  with  go'QO  per 

cent,  for  gland  puncture.  They  conclude,  however,  that  their  results 
are  practically  the  same  as  those  of  Dutton  and  Todd,  and  that  while 
gland  puncture  is  the  best  method  to  employ  in  travelling,  the 
examination  of  the  blood  must  be  practised  in  treatment. 

Our  results  from  the  direct  examination  of  the  peripheral  blood 
(fairly  thick  fresh  preparations,  using  f "  square  cover  glasses,  Zeiss  D 
objective,  and  No.  4  eyepiece)  agree  with  those  of  Thiroux,  Wurtz 
and  Teppaz.t  that  is,  in  ten  cases  trypanosomes  were  not  seen.  Only 
a  single  examination  was  made  in  each  case,  however,  and  the  number 
is  too  small  for  any  exact  deductions. 

In  considering  the  efficiency  of  gland  palpation,  it  is  essential  to 
know  with  what  degree  of  certainty  one  may  depend  upon  finding 
the  trypanosomes  in  cases  of  the  disease,  at  any  or  every  examination, 
Gray  and  Tullochj:  say  that  ‘  trypanosomes  are  constantly  present  in 
the  lymphatic  glands  of  early  .  .  .  cases  .  .  .  and  can  be 

found  on  any  day  .  .  .  .’  Koch  also,  as  we  have  said,  points  out 

much  the  same  thing. 

If  we  were  dealing  with  known  cases  of  the  disease,  it  might  be 
concluded  that  centrifugation  of  the  blood  is  the  most  efficient  means 
of  diagnosis,  though  it  must  be  said  that  the  number  of  cases  on 
which  this  conclusion  would  be  based  is  rather  small. 

In  any  one  of  the  methods  there  is  naturally  an  appreciable 
margin  for  error,  and  not  only  so,  but  the  thoroughness  with  which  they 
are  practised  will  affect  the  result  to  a  great  degree.  When  we  come 
to  deal  with  a  country  in  which  the  disease  is  not  endemic  and  in 
which  the  examination  of  large  numbers  of  natives  is  involved,  and 

♦  Martin  and  Leboeuf,  1908,  Bull.  Soc.  path,  exot.,  T.  I,  No.  8. 
t  Thiroux,  Wurtz  and  Teppaz,  1908,  Bull.  Soc.  path,  exot.,  T.  I,  No.  5- 
t  Gray  and  Tulloch,  1907,  Roy.  Soc.  Sleeping  Sickness  Reports.  No.  VIII. 
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where,  moreover,  the  men  engaged  in  the  work  are  not  furnished  with 
an  elaborate  equipment,  there  can  be  little  doubt  that  the  method  of 
gland  palpation  and  puncture  is  the  most  serviceable  method  and  the 
one  which  must  be  adopted  as  a  routine  measure. 

2.  ‘  As  a  rule,  enlarged  cervical  glands,  without  obvious  cause, 
do  not  occur  in  districts  from  which  trypanosomiasis  is  absent,' 

Low  was  the  first  to  dissent  from  this  statement,  and  he  pointed 
out  that  enlargement  of  the  glands  was  common  amongst  natives, 
unassociated  in  any  way  with  Sleeping  Sickness.  The  truth  of  the 
above  dictum  depends  almost  altogether  on  the  meaning  which  is 
attached  to  the  word  ‘  enlarged.’  If  this  is  taken  to  mean  any  gland, 
however  small,  which  can  be  distinctly  palpated,  the  observations 
which  have  been  made  on  the  question,  enable  us  to  say  at  once  that 
there  is  very  little  truth  in  it.  If  we  are  to  take  it  that  by  ‘  enlarged  ’ 
we  are  to  understand  glands  measuring  approximately  1-5  x  075  cm., 
the  case  is  different.  The  figures  given  by  Dutton  and  Todd  lend 

some  colour  to  this  supposition,  for  of  157  ‘  n - ’  and  ‘  ^  ’  glands 

punctured  by  them,  both  in  infected  and  uninfected  regions,  only  two 
were  found  to  be  infected.  A  distinction  must  be  drawn  between 
infected  and  non-inf ected  regions,  for  in  the  former,  as  Dutton  and 
Todd,*  Neavet  and  others  point  out,  glandular  enlargement  is  much 
more  common  than  in  the  latter,  and,  in  addition,  glands  of  the  larger 
class  are  much  more  abundant.  Neave  says  ‘  This  would  tend  to 
show  that  trypanosomiasis  is  accountable  for  enlargement  of  glands 
of  any  size.’ 

On  the  whole,  our  results  in  Rhodesia,  a  supposedly  non-infected 
region,  bear  out  those  of  Dutton  and  Todd.  As  we  have  already 
pointed  out,  glandular  enlargement  in  the  wide  acceptation  of  the 
term  has  no  particular  significance,  but  in  the  case  of  glands  of  the 
+  class,  in  four  out  of  five  examinations  the  natives  showing  them 
were  infected  with  trypanosomes. 

3-  Early  cases  of  trypanosomiasis  have  enlarged  glands,  and  will 
therefore  be  detected  by  gland  palpation.’ 

That  the  first  part  of  this  statement  is  correct  is  recognised  by  all 
workers.  Greig  and  GrayJ  state  that  ‘  the  disease  is  at  first  a  specific 

Dutton  and  Todd,  igo6,  Memoir  XXI,  Liverpool  School  Trop.  Med. 

+  Repoil;  of  Katanga  Medical  Commission. 

+  reig  and  Gray,  T905,  Royal  Soc.  Sleeping  Sickness  Reports,  No.  VT. 
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polyadenitis.’  While  this  is  broadly  true,  glandular  enlargement  is 
not  an  absolutely  constant  sign  in  the  early  stages  of  the  disease,  for 
cases  have  been  diagnosed  in  which  the  glands  had  not  become 
palpable.  About  8  per  cent,  of  known  cases  of  trypanosomiasis  will 
not  be  detected  by  gland  palpation. 

The  great  divergence  of  opinion  that  exists,  is,  in  regard  to  the 
application  of  gland  palpation  to  methods  of  prophylaxis  ;  the  chief 
objections  being  that  it  fails  to  detect  an  appreciable  number  of  the 
cases,  that  it  entails  hardship  on  those  natives  unfortunate  enough  to 
have  big  glands,  that  the  natives  will  evade  its  application,  and  that  it 
is  an  expensive  scheme  to  carry  out.  The  second  and  third  of  these 
items  need  not  be  considered,  as  the  objections  cannot  properly  be 
against  the  method  ;  since,  if  they  occur,  they  are  attributable  to 
injudicious  handling  of  the  natives  by  the  officials  concerned  in  the 
work.  The  objection  that  all  the  cases  will  not  be  found  by  the 
method  is  valid.  In  order  to  stamp  out  the  disease  in  a  district,  the 
ideal  procedure  would  be  to  stop  absolutely  native  movements,  and 
to  prevent  the  infection  of  fresh  natives  in  the  area,  by  the  isolation  of 
every  case  of  the  disease  and  the  removal  of  the  remaining  population 
from  contact  with  tsetse  flies,  Glossina  palpalis  more  particularly. 
Since  it  is  manifestly  impossible  to  carry  any  such  scheme  entirely 
into  effect,  we  have  to  revert  to  measures  which  will  tend  to  check 
the  spread  of  the  disease,  even  though  these  be  imperfect.  Dutton 
and  Todd  do  not  claim  that  their  procedure  will  entirely  prevent' 
Sleeping  Sickness  from  spreading  ;  all  they  say,  is,  that  it  will  prevent 
the  disease  from  infecting  new  districts  with  the  rapidity  noticed  in 
the  past,  and  in  the  meantime  improved  methods  both  of  prophylaxis 
and  treatment  may  be  brought  to  light.  .So  far  as  treatment  is 
concerned,  we  are  in  much  the  same  position  as  we  were  four  or  five 
years  ago,  that  is  to  say  the  results  are  not  at  all  promising,  so  that 
we  are  still  compelled  to  fall  back  on  imperfect  methods  of  checking 
the  advance  of  the  disease.  If  natives  are  to  be  allowed  to  pass  from 
infected  to  non-infected  regions,  the  fact  remains  that  no  better 
method  of  detecting  the  disease  in  the  early  stages  has  yet  been 
put  forward  than  the  application  of  gland  palpation.  Of  course  to 
complete  the  method,  gland  puncture  must  be  employed  as  well,  and 
this  has  always  been  stated  to  be  an  integral  part  of  the  procedure. 
It  is  surely  better  to  stop  the  nine  out  of  ten  cases,  which  the  method 
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u-ill  detect,  from  travelling,  than  to  allow  the  whole  ten  to  go,  just 
because  the  odd  one  will  be  missed  at  the  time.  If  this  tenth  man 
were  registered  on  leaving  his  home,  and  required  to  present  himself 
for  examination  at  stated  intervals,  the  disease  would  probably  be 
diagnosed  before  sufficient  time  had  elapsed  for  him  to  become  a 
source  of  danger  in  his  new  surroundings. 

This  brings  up  the  question  of  the  registration  of  the  native 
population.  Wherever  this  is  feasible,  it  is  desirable  that  it  should 
be  done,  as  in  no  other  way  can  the  native  be  so  effectually  controlled 
and  traced.  It  is  an  important  preliminary  step  to  the  adoption  of  a 
pass  system. 

In  North-Eastern  Rhodesia,  where  the  conditions  are  perhaps 
more  favourable  than  in  those  countries  in  which  Gl.  -palpalis  is 
found  everywhere,  the  scheme  of  fighting  Sleeping  Sickness,  based  on 
the  application  of  gland  palpation  and  puncture,  is  in  full  working 
order,  and  is  apparently  being  accompanied  by  a  considerable  amount 
of  success. 

The  question  of  the  expense  depends  altogether  on  whether  the 
eventual  results  will  justify  its  incurrence.  We  believe  that  to  obtain 
the  fullest  benefit,  special  medical  officers,  who  have  some  experience 
in  the  work,  will  have' to  be  appointed,  and  of  course  this  is  rather 
costly. 

In  tropical  Africa,  the  development  of  the  country  is  dependent 
upon  a  plentiful  supply  of  native  labour,  and  in  some  parts,  at  least, 
the  greater  part  of  the  revenue  is  derived  from  the  imposition  of  hut 
taxes;  so  that  it  is  an  important  matter  that  as  great  a  percentage 
as  possible  of  the  natives  should  be  in  a  position  to  work.  It  is  certain 
that  if  the  disease  is  allowed  to  go  on  spreading,  the  development  of 
many  of  the  African  colonies  will  come  to  a  standstill,  so  that  the  cost 
of  any  measures  designed  to  check  the  advance  of  Sleeping  Sickness 
will  be  cheap  in  the  end.  This  is  a  matter  which  must  be  settled  in 
each  country,  as  it  will  depend  upon  the  area  to  be  guarded,  upon  the 
density  of  the  population,  and  upon  the  amount  of  traffic  which  is 
allowed  to  go  on. 

We  must  confess  that  from  what  we  have  seen  in  Rhodesia  we  are 
in  faiour  of  gland  palpation.  We  believe  that,  combined  with  gland 
punctuie,  it  is  a  most  useful  measure,  and  one  which  will 
lender  real  service  in  preventing  any  rapid  extension  of  the  disease 
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to  ‘  clean  ’  areas.  Within  the  infected  areas,  it  is  the  most  practical 
method  of  isolating  infected  natives.  The  conditions  present  in  the 
particular  country  concerned  may  possibly  affect  the  results  obtained, 
but  if  it  is  seriously  and  efficiently  applied,  we  consider  that  the  results 
will  more  than  justify  the  cost. 

VII.  OCCURRENCE  OF  CASES 

The  Principal  Medical  Officer,  Dr.  Spillane,  in  a  tour  made  during 
October  and  November,  1907,  found  twenty-six  cases  of  the  disease 
in  North-Eastern  Rhodesia,  two  in  villages  on  the  Mansa  river  (a 
tributary  of  the  Luapula),  eleven  in  the  vicinity  of  Lake  Mweru,  and 
thirteen  on  Lake  Tanganyika.  About  the  same  time,  we  found  three 
cases  in  villages  near  the  Luapula,  and  during  our  later  trip 
we  diagnosed  eighteen  more,  two  on  Lake  Mweru  and  sixteen  on 
Tanganyika.  With  a  few  additional  cases,  which  have  since  been 
found  by  the  various  medical  officers,  there  are  between  fifty  and  sixty 
known  ones  in  the  country. 

The  one  case  found  in  Nyasaland  has  an  interesting  history.  It 
15  that  of  a  boy  who  had  accompanied  his  master  from  that  country 
down  the  Congo  river  to  its  mouth.  From  there  he  had  gone  to  Cape 
Town,  and  finally  returned  to  his  home  by  way  of  the  Zambesi.  This 
illustrates  the  extent  to  which  some  of  these  natives  will  travel  in 
the  employ  of  Europeans. 

Only  four  of  our  cases  were  in  women.  The  remaining 
seventeen  were  in  males  varying  in  age  from  ten  to  forty  years.  The 
great  majority  of  them  were  adults.  With  the  exception  of  two,  in 
whom  clinical  symptoms  were  present,  all  were  apparently  quite 
healthy,  and  the  only  sign  observable  was  enlargement  of  the 
lymphatic  glands  in  the  neck.* 

Some  of  them  said  that  they  had  had  occasional  attacks  of  fever 
and  headache ;  others  that  they  had  not  been  ill  at  all.  Headache 
is,  however,  such  a  common  complaint  amongst  natives,  due  usually 
to  constipation,  that  no  attention  need  be  paid  to  it,  unless  it  is 
exceptionally  severe. 

*  These  cases  were  seen  only  once,  so  that  we  are  unable  to  say  whether  there 
were  any  slight  disturbances  of  the  body  temperature  or  the  pulse  which  may  he 
present  in  otherwise  apparently  normal  cases  of  the  disease.  So  far  as  we  cooW 
determine  at  the  time,  the  natives  we  found  to  be  infected  were  quite  free  from 
any  symptoms. 
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It  was  an  everyday  occurrence  to  have  carriers  come  up  complaining  of  ‘  mutu,' 
or  headache,  and  this  could  almost  always  be  relieved  by  a  dose  of  some  purgative. 

No  loss  of  strength,  emaciation,  skin  eruptions,  tremors  or  mental 
disturbances  were  noticeable.  In  the  two  clinical  cases,  tremors, 
emaciation,  and  inability  to  walk  were  the  principal  symptoms  present. 
We  never  saw  a  case  sufficiently  advanced  to  show  mental  symptoms 
or  coma. 

Insanity  is  said  to  be  a  common  early  symptom  of  the  disease,  but 
in  two  cases  which  we  saw,  and  on  which  we  performed  lumbar 
puncture,  no  parasites  were  found  in  the  cerebro-spinal  fluid. 


VIII.  MODE  OF  INTRODUCTION 

We  have  stated  m  our  previous  report  that  some  of  the  cases  on 
the  Luapula  river  have  apparently  brought  the  disease  into  Rhodesia 
by  way  of  the  Katanga.  The  foci  on  Lakes  Mweru  and  Tanganyika 
are  due  to  direct  extension  from  the  immediately  contiguous  infected 
areas  in  the  Congo  Free  State.  On  the  Mweru  side,  the  disease  has 
been  gradually  spreading  up-stream  from  the  Congo,  along  the 
Lualaba,  until  it  reached  Lake  Mweru  probably  four  or  five  years  ago. 
In  the  Congo  Free  State,  on  Lake  Tanganyika,  imported  cases 
existed  at  Moliro,  just  over  the  international  boundary,  in  1901  ;  at 
Baudoinville  in  1902;  and  at  Vua,  between  these  two  places,  about 
the  same  time.  Within  the  last  two  or  three  years  such  a  large  per¬ 
centage  of  the  native  population,  along  this  portion  of  the  lake,  has 
died  from  Sleeping  Sickness  that  the  White  Fathers  have  been 
compelled  to  abandon  their  missions. 

On  both  lakes,  the  tribal  and  political  boundaries  do  not  coincide, 
and  on  both,  the  paramount  chiefs  (Mpweto  and  Moliro)  live  in 
Belgian  territory.  There  has  always  been  constant  communication 
between  the  people  on  either  side  of  the  line,  and  to  this  the  introduc¬ 
tion  of  the  disease  into  Rhodesia  has  been  due.  In  eliciting  the 
past  history  of  our  cases  it  was  extremely  common  to  find  that  a 
native  had  been  born  in  a  village  on  the  British  side,  had  then  been 
taken  as  a  child  into  the  Congo,  had  afterwards  returned  to  our 
territory,  and  finally  settled  down  in  a  fourth  village.  The  same  may 
be  said  of  the  villagers  on  the  eastern  side  of  Lake  Tanganyika, 
except  that  here  the  movement  was  into  German  East  Africa.  On 
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both  Lake  Mweru  and  Tanganyika,  the  most  heavily  infected  villages 
were  those  directly  contiguous  to  the  Congo  Free  State.  1  he  further 
extension  of  the  disease  has  been  aided  by  the  free  communication, 
chiefly  in  canoes,  which  has  been  going  on  from  village  to  village. 

Although  there  has  been  free  communication  with  German  East 
Africa,  it  is  rather  improbable  that  many  of  the  cases  were  contracted 
there,  as  the  disease  was  introduced  into  that  country  (i.e.,  the 
eastern  shores  of  Tanganyika)  from  the  Congo  Free  State""  about  the 
same  time  that  it  was,  in  all  probability,  introduced  into  Rhodesia, 
that  is  to  say,  not  later  than  1905.  Comparatively  few  cases  have 
been  reported  from  the  Bismarckburg  section  of  German  East  Africa, 
which  is  the  portion  bounding  North-Eastern  Rhodesia. 

•Since  its  introduction  into  British  territory,  it  has  almost  assumed 
endemic  proportions  on  Lake  Tanganyika.  In  Novembei,  1907, 
twelve  cases  were  found  ;  in  June,  1908,  sixteen  additional  ones  ;  and 
others  since  then ;  so  that  there  is  (or  was,  as  they  have  since  been 
moved)  hardly  a  village  on  the  lake  shore  in  which  one  or  more 
infected  natives  has  not  lived. 

We  have  seen  enough  on  this  lake  to  make  us  realise  very  fully 
the  great  importance  of  international  co-operation  in  dealing  with 
Sleeping  Sickness.  However  good  a  system  of  fighting  the  disease 
may  exist  in  any  one  country,  its  efforts  are  sure  to  be  retarded  if  the 
neighbouring  territories  remain  apathetic.  When  the  authorities  in 
Rhodesia  commenced  to  isolate  the  infected,  some  of  them,  and  in 
one  or  two  cases  whole  villages,  immediately  decamped  over  the 
border,  where  they  not  only  constituted  a  source  of  danger  to  then- 
new  country,  but  remained  one  10  that  which  they  had  left,  for  the 
probability  existed  that  they  would  find  their  way  back  to  their  old 
villages  as  soon  as  they  thought  the  vigilance  of  the  authorities  had 

relaxed. 

IX.  PROPHYLAXIS 


From  the  reports  published  in  various  parts  of  Africa  it  is  quite 
evident  that  it  is  useless  to  attempt  to  advance  a  system  of  prophy¬ 
laxis  which  will  apply  equally  well  to  every  country.  Certain  well- 
defined  methods  of  procedure  exist,  but  so  many  factors  have  to  be 


Colonial  reports.  German  Last  Africa,  for  the  year  1905-^.  No  cases 
Sleeping  Sickness  had  been  found  in  the  Bismarckburg  section  at  this  date. 
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consideied  ihut  each  country  has  to  make  a  choice  of  those  iiieaus 
which  aie  best  suited  to  the  local  conditions.  For  instance,  in  a 
country  like  the  Congo  Free  State,  ivhere  Gl.  faLpaiis  is 
omnipresent,  it  would  be  impossible  to  move  the  population  away 
from  it,  so  that  such  measures  as  clearing  would  have  to  be  adopted. 
In  Rhodesia,  on  the  other  hand,  it  has  been  possible  to  adopt  rather 
drastic  measures,  partly  owing  to  the  physical  configuration  of  the 
country,  partly  on  account  of  the  restricted  distribution  of  Gl. 
palpalis,  partly  on  account  of  the  scantiness  of  the  population,  and 
paitlj'  on  account  of  the  lack  of  any  very  great  commercial  movement 
amongst  the  natives. 

At  one  time  native  transport  was  an  important  item,  as  all  goods 
passing  into  the  K.atanga  and  eastern  portions  of  the  Congo  Free 
State  w^ent  through  the  country,  but  ^vith  the  advent  of  the  railway 
m  the  South,  and  the  adoption  of  the  Congo  river  as  the  transport 
route  to  the  East  of  the  Free  State,  these  movements  were  interrupted. 
Except  for  the  inter-tribal  communication  along  the  border,  there  is 
no  inducement  foi  the  Rhodesian  natives  to  go  into  the  Congo.  A 
certain  number  did  go  to  the  Katanga  mines  for  work,  but  this  was 
never  very  popular  and  never  affected  any  great  number.  The  more 
natural  outlet  for  the  labour  has  been  to  the  South. 

Before  we  left  England  in  May,  igo/,  we  suggested,  on  general 
grounds  that  natives  of  North-Eastern  Rhodesia  should  not  be 
allowed  to  seek  work  in  the  Katanga,  and  that  the  Luapula  river 
should  be  closed  for  traffic.  The  advisability  of  this  measure  became 
still  more  apparent  very  shortly  after  we  had  entered  the  country, 
particularly  as  several  cases  of  human  trypanosomiasis  had  been  found 
amongst  natives  who  had  been  in  that  portion  of  the  Congo  Free 
State,  and  who  had  apparently  contracted  the  disease  while  there. 
Consequently  in  November  of  the  same  year  we  insisted  more  strongly 
on  the  importance  of  the  step,  and  at  the  same  time  suggested  that 
the  canoes  along  the  Luapula  river  should  be  confiscated,  that  the 
Congo  Free  State  authorities  should  be  requested  to  co-operate  in 
tins  woik,  that  all  cases  of  the  disease  should  be  segregated,  and  in 
order  that  this  might  be  done  that  special  medical  officers  should  be 
appointed  for  Sleeping  Sickness  work,  that  villages  should  be 
lemoied  from  the  vicinity  of  Gl.  palpalis,  and  where  this  was 
impossible  that  clearings  should  be  made.  In  December,  and  again 
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in  our  first  published  report,  we  reiterated  these  suggestions  with  a 
few  additional  ones  of  minor  importance.  The  regulations  which 
were  finally  adopted  were  much  along  these  lines,  and  are,  briefly: 

1.  The  Congo  Free  State  and  German  East  Africa  are  regarded 
as  infected  countries,  and  communication  with  them  has  been 
stopped. 

2.  All  villages,  except  in  two  or  three  instances,  have  been  moved 
away  from  contact  with  Gl.  palpalis. 

3.  Certain  districts  of  the  country  are  regarded  as  infected,  and 
communication  between  them  and  the  other  portions  of  the  territory 
prohibited.  These  infected  areas  are  three  in  number,  one  including 
the  comitry  around  Lake  Tanganyika,  the  second  that  around  Lake 
Mweru,  and  the  third  that  along  the  I^uapula  river. 

4.  Three  special  medical  officers  have  been  appointed,  one  for 
each  of  the  infected  regions,  to  travel  constantly  and  search  for  cases 
of  the  disease. 

5.  All  cases  of  human  trypanosomiasis  are  segregated  in  special 
camps,  in  fly-free  areas,  for  treatment. 

6.  All  canoes  have  been  confiscated,  and  fishing  on  ‘fly’ 
(i.e.,  Gl.  palpalis)  waters  forbidden. 

7.  Clearings  are  made  at  necessary  places,  e.g.,  around  the  few 
villages  which  have  been  allowed  to  remain  on  the  shores  of  Lake 
Mweru,  and  at  several  ferries. 

rhe  vigorous  enforcement  of  these  regulations  seems  to  be 
meeting  with  success,  for  from  November,  1908,  to  January,  1909,  no 
further  cases  of  the  disease  were  found.  The  efficiency  of  the  scheme 
depends  upon  the  application  of  gland  palpation  and  puncture,  and, 
so  far  as  one  can  see,  it  is  working  satisfactorily,  but  some  time  must 
necessarily  elapse  before  a  definite  opinion  can  be  given  as  to  what 
the  ultimate  result  will  be.  Apart  from  the  transmission  of  the 
disease  by  coitus,*  and  the  question  of  whether  any  other  tsetse  fly 
than  Gl.  palpalis  is  a  natural  transmitter  of  T .  ganibunst, 
this  will  largely  depend  upon  the  personnel  of  the  staff,  and  in  this 
connection  we  cannot  do  better  than  quote  the  remarks  of  Neavet  :  — 

*  Koch,  1907,  Deutsche  med.  Wochenschrift,  Jahrgang  XXXI II,  No.  46. 

t  Neave,  1908,  Report  of  Katanga  Medical  Commission. 
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'The  personnel  will  have  to  have  their  hearts  in  the  work  and 
‘spare  no  pains  or  energy.  Those  who  work  just  sufficiently  to 
■  conform  to  the  letter  of  their  agreements  with  their  employers  with 
'the  mere  object  of  getting  their  pay  and  returning  home  with  the 
least  expenditure  of  exertion,  will  be  worse  than  useless,  as  the  fact 
'of  their  being  on  the  spot  will  lull  the  anxiety  of  the  world,  while 
'the  disease  will  progress  onwards  round  them.  The  work 'has  a 
'  tendency  to  be  disheartening,  and  it  is  only  those  properly  qualified 
‘men  who  will  doggedly  spend  all  their  time  in  the  cause  that  are 
‘  likely  to  succeed,  and  then  only  with  a  knowledge  of  the  native 

‘  together  with  that  peculiar  tact  and  firmness  necessary  in  the  treat ’ 

‘  ment  of  him.’ 

One  or  two  specific  dangers  may  be  pointed  out,  and  these  are, 
that  as  the  natives  on  the  Congo  side  of  the  borders  have  not  been 
moved,  nor  deprived  of  their  canoes,  there  may  be  some  temptation 
for  the  British  natives  to  go  back  to  the  rivers.  The  co-operation  of 
the  Belgian  authorities  should  be  requested  in  order  to  more  fully 
safeguard  these,  as  yet,  practically  uninfected  regions.  There  may 
also  be  a  tendency  for  some  of  the  natives  to  return  stealthily  to  the 
rivers,  the  Luapula  more  particularly,  in  order  to  fish  with  weirs,  and 
to  plant  crops  ;  this  can  only  be  safeguarded  by  periodical  inspections. 
Unfortunately,  there  is  also  a  necessity  to  guard  against  the  short¬ 
sighted  policy  displayed  by  some  Europeans  in  attempting  to  make 
the  natives  evade  the  regulations  when  it  suits  their  convenience,  in 
spite,  of  the  penalties  which  are  attached  to  infringements  of  the  law. 

There  is  not  much  danger  of  the  natives  in  the  ‘  infected  ’  areas 
doing  any  more  than  simply  crossing  the  boundary  for  a  very  short 
distance,  for  it  so  happens  that  the  division  between  the  infected  and 
clean  portions  is  practically  a  tribal  one,  and  this  is  very  advantageous. 

In  Nyasaland  it  is  altogether  probable  that  other  cases  similar  to 
the  one  which  has  been  diagnosed  are  present.  Many  of  the 
natives,  particularly  of  the  Mombera  and  West  Nyasa  districts,  have 
worked  in  the  Katanga ;  when  we  were  at  Madona  we  saw  a  number 
of  them  passing  through  on  their  way  back  home.  Not  only  this,  but 
as  most  of  the  skilled  labour  and  personal  servants  in  the  East 
Central  portions  of  Africa  are  natives  of  this  Protectorate  and  travel 
much  more  freely  in  search  of  work  than  the  raw  native,  as  in  the  case 

recorded  above,  many  of  them  have  been  in  dangerous  localities, 
u 


These  cases  can  only  be  found  by  a  systematic  search  by  properly 
qualified  medical  men. 

At  the  same  time,  medical  men  can  do  other  most  useful  work  in 
maiDpmg  out  the  distribution  of  vairious  biting  insects,  and  conducting 
preliminary  enquiries  into  the  incidence  of  cattle  and  other  diseases. 
However,  it  should  be  distinctly  understood  that  the  work  in 
connection  with  Sleeping  Sickness  is  sufficiently  arduous  to  require 
undivided  attention,  and  the  tendency  which  occasionally  is  seen  to 
add  this  work  to  the  duties  of  the  ordinary  district  medical  officers 
can  only  result  in  the  work  being  indifferently  executed. 

This  also  applies  to  the  clean  areas  of  N.E.  Rhodesia,  for  it  must 
not  be  forgotten  that  the  first  case  of  human  trypanosomiasis 
diagnosed  there  was  at  Chinsali,  on  the  Tanganyika-Nyasa  plateau, 
where  no  Gl.  fal falls  exist. 

The  natives  should  be  encouraged  to  apply  for  passes  when  they 
are  about  to  travel.  Provided  no  unnecessary  difficulties  are  placed 
in  the  way  of  these  being  obtained,  the  natives  will,  in  time,  apply 
for  them  as  a  matter  of  course.  We  found  that  whenever  we  had 
occasion  to  send  a  messenger,  he  would  always  come  up  and  ask  for 
a  note  before  leaving. 

The  eventual  fate  of  both  Rhodesia  and  Nyasaland,  to  say  nothing 
of  other  territories  which  bound  them,  depends  on  what  species  of 
tsetse  flies  can  convey  the  disease  in  nature.  Gl.  falfalis  has 
only  a  comparatively  small  distribution,  so  far  as  we  know,  but  that  of 
Gl.  morsitans  is  extremely  wide,  so  that  if  this  species  can 

transmit  T.  gambiense  the  greatest  danger  exists. 

It  IS  admitted  that  mechanical  transmission  is  possible,  but 
whether  it  plays  a  very  extensive  role  in  nature,  in  determmmg 
the  spread  of  the  disease,  is  questioned.  In  any  case,  the  odds 
against  it  occurring  are  enormous,  for  even  in  laboratory  experiments 
with  Gl.  falfalis,  the  number  of  flies  which  has  been  required  for  a 
successful  result  is  extremely  large,  and  the  conditions  under  which 
these  experiments  have  been  carried  out  in  the  laboratory  would  occur 
but  very  seldom  m  nature.  Whether,  however,  the  position  that  the 
possibility  of  it  happening  in  nature  can  be  ignored,  is  rather  question¬ 
able.  We  believe  that  mechanical  transmission  is  responsible  for  the 
spread  of  certain  cattle  trypanosomes,  and  some  support  for  the 
supposition  that  it  may  take  place  in  the  human  disease  is  afforded 
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by  the  observations  of  Martin.  Leboeuf  and  Roubaud  on  the 
occurrence  of  hut-infections,  which  they  are  inclined  to  attribute  to  the 
agency  of  such  domestic  mosquitoes  as  Stegomyia  and  Mansonia. 
That  Stegomyia  will  transmit  T.  gambiense  we  know.* 

With  Gl.  morsitans  the  probability  of  mechanical  trans¬ 
mission  happening  is  perhaps  slight,  but  the  danger  will  be  propor¬ 
tionate  to  the  number  of  cases  which  are  present.  This  fly  is  not 
nearly  so  local  in  its  habits  as  Gl.  palpalis,  and  consequently  is  not 
afforded  the  same  opportunities  of  acting  as  carrier.  It  is  very 
surprising  to  notice,  even  in  the  case  of  Gl.  palpalis,  the  slow  rate 
at  which  the  disease  spreads  under  the  most  favourable  circumstances. 
In  two  or  three  villages  on  Lake  Tanganyika  where  this  fly,  as  well 
as  Gl.  morsitans,  was  caught  in  the  gardens,  and  into  which  the 
disease,  in  all  probability,  was  introduced  four  or  five  years  ago,  only 
nine  or  ten  cases  of  the  disease  were  found,  and  if  this  is  so,  it  is  quite 
conceivable  that  the  rate  of  spread,  in  the  event  of  Gl.  morsitans 
being  an  active  transmitter,  as  opposed  to  a  mechanical  one,  would  be 
much  slower. 

Gl.  fal-pahs  is  restricted  to  the  immediate  vicinity  of  water,  so  that  it  has 
constant  opportunities  of  feeding  on  the  natives  when  they  come  to  wash,  fish,  and 
draw  water.  Gl.  morsitans  is  not  restricted  to  these  localities,  but  is  usually  found 
in  the  bush,  and,  m  general,  avoids  the  villages  and  the  gardens  which  surround 
them.  Consequently  the  natives  are  not  exposed  to  the  bites  of  this  fly  in  the 
same  way  as  they  are  to  those  of  Gl.  falfalis. 

On  the  other  hand,  it  cannot  be  regarded  as  settled  that 
Gl.  morsitans  transmits  merely  mechanically.  In  some  parts  of 
Africa,  Gl.  palpalis  transmits  various  cattle  trypanosomes  which  in 
other  localities  are  carried  by  Gl.  morsitans,  and  other  examples  of 
the  same  nature  might  be  cited.  If  we  institute  analogies  with  other 
protozoa,  we  see  that  malaria,  for  instance,  is  not  transmitted  merely 
by  one  particular  species  of  mosquitoes,  but  that  even  many  different 
genera  are  implicated.  The  same  thing  is  seen  in  the  case  of 
redwater  and  ticks.  Recently  Kleinef  has  made  experiments  which 
suggest  that  a  cycle  in  the  life  of  trypanosomes  does  occur  in  tsetse 

Heft  Mayer,  1907,  Archiv.  f.  Schiffs-  und  Tropenhygiene,  Bd.  XI, 

t  Kleine,  1909,  Deutsche  med.  Wochenschrift,  March  18. 

■t>al-b'^^  confirmation  of  this  work  by  Bruce,  who  used  in  his  experiments  Gl. 
n  p.  dimor-phon  and  T.  gambiense,  is  an  additional  argument  for  using 

morsitans  in  a  similar  set  of  experiments. 
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Hies,  and  it  should  be  noted  that  he  was  working  with  Gl.  falfaUs 
and  T.  brucei,  which  is  not  ordinarily  transmitted  by  this  species. 
He  thinks  that,  in  nature,  Gl.  fusca,  by  which  T.  gambiense  has 
been  transmitted  experimentally,  spreads  human  trypanosomiasis. 

The  principal  argument  that  Gl.  pal  falls  is  the  natural  carrier  of 
Sleeping  Sickness  is  that  the  geographical  distribution  of  the  two 
coincide  to  a  great  extent,  and  this  is  certainly  a  most  striking  fact. 
The  waterways  have  always  been  used  as  highways  in  preference  to 
land  routes,  and  also  as  sources  of  food,  so  that  the  spread  of  the 
disease  along  them  has  been  greatly  facilitated  by  the  abundant 
opportunities  afforded  the  very  local  Gl.  pal  falls  to  feed  on  both 
infected  and  uninfected  people.  Even  in  those  cases  in  which  other 
species  of  tsetse  flies  have  been  found  in  association  with  Gl.  fal falls, 
the  possible  share  they  may  have  had  in  the  spread  has  been  over¬ 
shadowed  by  that  of  this  particular  variety.  It  is  only  within  the  last 
three  or  four  years  that  the  disease  has  spread  far  enough  to  come  m 
contact  with  other  species  of  tsetse  flies,  Gl.  morsUans  more 
particularly,  in  territory  where  Gl.  falfalis  does  not  exist.  As  we 
said  above,  we  should  naturally  expect  that  transmission  by  this  fly 
would  go  on  very  much  more  slowly  than  by  Gl.  falfalis.  The 
question  can  only  be  settled  by  means  of  a  patient  and  thorough 
investigation ;  it  is  one  v/hich  should  be  carried  out  without  delay. 
If  it  can  be  shown  conclusively  that  Gl.  morsitans  will  not  transmit, 
except  mechanically,  the  saving  in  expense  to  the  various  adminis¬ 
trations  concerned  will  more  than  balance  many  times  the  cost  of  the 
work,  and  if,  on  the  other  hand,  it  should  be  shown  that  Gl.  morstians 
IS  a  natural  carrier,  there  will  yet  be  time  to  take  more  active  steps  to 
protect  the  threatened  countries  from  invasion.  Until  the  question  is 
answered  decisively,  the  possibility  must  never  be  forgotten,  and  must 
be  acted  upon  to  some  extent. 

In  conclusion,  we  may  refer  to  the  conditions  under  which  labour 
IS  allowed  to  leave  both  Rhodesia  and  Nyasaland.  Quite  recent  y 
arrangements  have  been  made  with  the  administration  of  Southern 
Rhodesia  that  no  labourers  from  the  British  colonies  to  the  north 
shall  be  accepted  unless  provided  with  Government  passes.  In  order 
that  the  natives  can  obtain  these  passes,  they  must  be  examined 
medically,  and  in  addition  are  examined  a  second  time  when  they 
have  reached  their  destination.  No  natives  from  a  Sleeping  Sickness 
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area  are  allowed  to  leave  therr  distncts.  This  scheme  acts  not  only  as 
a  bar  to  the  possible  escape  of  cases  of  trypanosomiasis  to  the  south 
but  will  also  control  to  a  large  degree  the  spread  of  other  communi¬ 
cable  diseases  and  prevent  the  employment  of  physically  unfit 
labourers.  The  scheme  is  completed  by  the  Southern  Rhodesian 
Government  requiring  all  labourers  to  be  registered,  and  the 
employment  of  unregistered  natives  being  made  an  offence 
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I.  INTRODUCTION 

The  members  of  this  expedition  reached  Broken  Hill  in  June, 
1907:  one  of  us  (A.  K.)  shortly  afterwards  proceeding  to  Fort 
Jameson  and  thence  to  Madona  on  the  river  Luapula.  The  other 
(R.  E.  M.)  remained  at  Broken  Hill  until  October,  investigating  the 
trypanosome  disease  in  cattle,  and  then  proceeded  along  the  river 
Kafue  and  through  the  corner  of  the  Congo  State  to  Madona,  where 
the  first  meeting  was  effected  in  December.  In  February  a  joint  tour 
was  made  of  Lake  Bangueolo  ;  A.  K.  then  travelling  North  via  Luena, 
Kalungwisi  and  Chienji,  and  'West  to  Lake  Tanganyika  and 
Abercorn.  R.  E.  M.  proceeded  southwards  along  the  outlet  of  the 
Luapula  river  from  Bangueolo  and  thence  North  via  Mpika,  Chinsali 
and  Kasama  to  effect  a  second  meeting  at  Abercorn  in  June,  1908. 
In  August  and  September  the  latter  made  a  tour  of  the  Stevenson 
Road,  visiting  Kawimbi,  Ikomba,  Mwenzo,  Fife  and  Chinsali,  for  a 
second  time,  returning  to  Kambole,  where  an  experimental  camp  had 
been  built,  via  Abercorn. 

Orders  to  return  to  England  were  received  in  November,  and 
on  the  15th  we  left  Kambole.  A.  K.  proceeded  to  the  coast  via  Fife, 
Karonga,  Blantyre  and  down  the  Shire  River  ;  R.  E.  M.  attended  the 
Pan-African  Veterinary  Conference  at  Pretoria  as  delegate  of  the 
School,  and  travelling  via  Kasama,  Mpika,  Serenji  and  Broken  Hill 
reached  that  place  on  January  9th,  1909. 

Our  unavoidable  recall  to  England  before  the  experiments  on 
transmission  were  fully  established  is  to  be  regretted,  as  it  was  the 
first  occasion  since  leaving  the  railway  that  we  were  together  and 
were  able  to  remain  in  one  place  for  more  than  a  few  consecutive 
days,  and  to  attempt  anything  like  continuous  experimentation.  As 
a  result  our  observations  are  necessarily  limited  and  unfinished,  and 
the  paramount  questions  as  to  whether  flies  other  than  tsetse  are  to 
be  held  culpable  for  the  transmission  of  the  trypanosomes  we 
encountered  ;  whether  ‘  game  ’  is  the  main  natural  reservoir  for  these 
trypanosomes,  and  whether  tsetse  are  unable  to  exist  without  ‘  game 
still  await  final  solution. 

We  have  already  reported  our  observations  at  Broken  Hill :  our 
results  on  similar  conditions  in  North-Eastern  Rhodesia  are  recorded 
here  together  with  a  summary  of  our  notes  on  the  distribution  of 
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Glossina  morsitans  and  its  relation  to  wild  animals.  Passing 
through  a  country,  as  we  were,  it  is  difficult  to  place  a  correct  value 
upon  isolated  observations  ;  but  since  our  results  tend  to  coincide  in 
many  important  particulars  with  those  of  certain  observant  residents 
and  are  somewhat  opposed  to  the  popularly  held  beliefs  which  have’ 
been  imported  from  South  of  the  Zambesi,  it  is  deemed  advisable  to 
set  them  forth  here  for  whatever  worth  they  may  possess. 

The  strains  of  trypanosomes  we  obtained  were  carried  to  Pretoria 
en  route  for  England,  but  it  was  found  there  that  the  steamship  line 
by  which  w'e  were  returning  refused  to  permit  them  to  be  taken  on 
board.  We  consider  ourselves  fortunate  that  it  was  to  Pretoria  they 
had  been  brought,  for  Dr.  Theiler  has  most  kindly  undertaken  to 
look  after  them  until  further  arrangements  are  made. 

II.  DISTRIBUTION  OF  STOCK 
I.  North-Eastern  Rhodesia. 

Our  rapid  passage  through  the  country  makes  it  impossible  to  do 
more  than  outline  the  distribution  of  domestic  stock,  and  our  task  is 
rendered  more  difficult  by  the  fact  that  in  some  districts  we  did  not 
meet  the  local  official,  or  were  unable  to  visit  his  headquarters.  We 
believe,  however,  that  our  information  is  exact,  and  in  most  cases  one 
or  other  of  us  has  visited  the  European-owned  animals.  We  will 
discuss  the  distribution  in  magisterial  divisions. 

East  Loan gwa.  In  the  vicinity  of  Eort  Jameson  the  Administra¬ 
tion  has  instituted  a  cattle  farm,  while  settlers  and  missionaries  around 
this  capital  all  own  stock.  Glossina  morsitans  is  practically  limited 
to  the  North  and  North-West,  and  the  natives  (Angoni)  of  the  neigh¬ 
bourhood  keep  cattle.  There  are  a  few  horses  or  donkeys  or  mules 
in  the  district  which  are  said  to  do  well.  We  shall  refer  later  to  two 
outbreaks  of  trypanosomiasis  which  occurred  in  the  healthy  stock  of 
Fort  Jameson  as  the  result  of  the  importation  of  infected  cattle. 

The  Native  Commissioner  of  Petauki  keeps  some  twenty  head  of 
^^  ernment  animals  for  milking  purposes. 

West  Loangwa.  At  Serenji  some  twenty  head  are  kept  by  the 
Official,  and  the  Livingstonia  Mission  there  keep  approximately  the 
same  number.  The  central  part  of  this  division  is  free  from 


Glossina,  and  we  have  heard  no  history  of  disease.  There  is  only 
one  settler,  who  has  but  recently  acquired  land  and  hired  a  few  head 
of  cattle  from  the  Administration.  We  are  not  acquainted  with  any 

native-owned  cattle  in  this  division. 

Awemba.  It  will  be  seen  from  the  map  that  a  large  area  of  this 
district  is  tenanted  by  Glossina  morsiians,  and  that  only  the  North 
and  North-West  are  considered  free.  The  three  Government  posts  of 
hlpika,  Kasama  and  Luena  each  keep  from  twenty  to  thirty  head  of 
cattle  for  the  Ofhcial’s  use,  and  at  Kasama,  donkeys  and  pigs  were  also 
seen.  At  Luena  there  have  been  no  suspected  cases  of  trypanosomiasis 
during  the  past  two  years,  but  previously  a  considerable  number  of 
these  animals  died  there  from  ‘  fly,’  which,  it  will  be  seen,  encroaches 
all  round.  Mpika  is  also  very  close,  and  wandering  Gl.  rnorsitam 
have  been  taken  on  the  station.  There  are  no  settlers  in  this 
division,  but  a  European  trader  at  Kasama  owns  a  few  head  for 
milking.  The  mission  stations  of  the  Peres  blancs  d’ Algiers  at  Chila- 
bula,  Chirui  and  Chilonga,  each  keep  from  thirty  to  sixty  head,  and 
none  report  the  occurrence  of  disease,  though  morsiians  were  taken 
by  us  within  four  miles  of  the  last  named.  It  is  said  by  natives  that 
in  past  years  the  island  of  Chirui  was  joined  to  the  mainland  on  the 
East  side  of  Lake  Bangueolo,  and  that  tsetse  were  then  existent 
during  the  dry  season.  This  island  is  now  somewhat  densely  popu¬ 
lated,  and  so  largely  cultivated  that  nearly  all  timber  has  been  cut 
down,  and  it  is  no  longer  connected  with  the  mainland  except  by 
hardly  fordable  swamps  of  some  miles  in  width.  An  Awemba  chief, 
Luchembe  of  the  Mpika  division,  keeps  four  head  of  cattle  in  the 
centre  of  Gl.  morsiians.  These  animals  are  said  to  be  the  offspring 
of  large  herds  brought  in  from  raids  on  the  northern  tribes  fifteen 
years  ago.  He  has  tried  fo  introduce  new  animals  since,  but  they 
have  invariably  died  of  disease.  In  the  district  around  Kasama  there 
are  forty-five  head  of  native-owned  cattle,  all  of  which  live  towards 
the  border  of  the  Tanganyika  division.  In  Luena  there  are  none. 
The  natives  on  Lake  Bangueolo  keep  relatively  large  flocks  of  sheep, 
which  are  said  to  do  well  locally ;  and  most  villages,  even  in  the 

tsetse  country,  keep  a  few  goats. 

Mweru  and  Luapula.  At  Fort  Rosebery,  Madona,  Kalungwisi 

and  Chienji,  we  saw  Government  cattle  used  by  the  officials  for  mi 
Deaths  from  ‘  fly  ’  are  said  to  have  taken  place  at  Fort  Rosebery,  an 
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the  Government  animals  at  Madona.  which  came  from  this  station 
were  found  to  be  infected.  A  trader  near  Sakontwi  has  had  several’ 
deaths,  while  cattle  owned  by  traders  at  Madona  were  suffering  from 
trypanosomiasis.  The  stock  seen  at  Kalungwisi  and  Chienji  was 
healthy  despite  the  proximity  to  both  Gl.  morsitans  and  Gl.  falpalis. 
The  mission  stations  on  Lake  Bangueolo,  at  Mbereshi  and  near  the 
Johnstone  Falls,  have  had  no  suspicious  deaths.  Kazembi,  an 
important  chief  on  the  Luapula,  owns  a  small  herd  which  grazes  on  the 
large  grass  flats  around  his  village,  and  Luari  owns  two  or  three 
head.  Meri  Meri  lost  a  large  herd  a  few  years  ago,  and  as  noted  in 
our  previous  report,  considers  Tabanus  to  have  been  responsible 
Most  villagers  here  keep  goats,  and  a  fair  number  also  own  sheep 
The  distribution  of  GL  morsitans  in  this  division  is  not  well 
defined,  and  we  have  had  it  reported  to  us  from  several  areas  where 
Europeans  consider  it  absent.  The  importance  of  this  division  as  a 
barrier  to  the  spread  of  human  trypanosomiasis  makes  it  desirable 
that  the  exact  distribution  be  mapped  without  delay.  It  was  reported 
to  us  by  chiefs  in  the  South-East  areas,  that  frequently  during  the 
windy  season  tsetse  are  carried  over  towards  the  South  end  of  Lake 
Bangueolo  from  the  Luera  river,  a  distance  of  about  twenty  miles. 
At  the  time  of  our  visit,  March  iqo8,  none  were  seen. 

Islorih  Loangwa.  Government  cattle  kept  for  the  officials’  use 
were  seen  at  Fife  and  Chmsali,  and  those  on  the  Government  farm 
at  Ikomba  were  also  examined.  A  glance  at  the  map  will  show  the 
range  of  G/.  morsitans  over  the  South  of  this  division;  the  North, 
constituting  part  of  the  Tanganyika-Nyasa  plateau,  is  free.  On  this 
plateau,  from  lake  to  lake,  cattle  are  kept  by  natives,  and  only 
occasional  sickness  is  reported.  Trypanosomiasis  was  diagnosed  in 
cattle  at  Chmsali  by  Yale  Massey  in  1905,  and  deaths  have  since 
occurred.  At  each  of  our  visits  (May  and  August,  1908)  we  detected 
cases,  both  in  Government  stock  and  on  a  settler’s  place  at  Scotsdale, 
t  ree  miles  distant.  Goats 'and  sheep  were  also  infected.  As  will 
e  noted  later,  the  Chinsali  division  affords  striking  evidence 
regarding  the  spread  of  Gl.  morsitans  within  recent  years. 

A  Government  farm  exists  at  Ikomba  which  was  started 

900  as  a  collecting  centre  for  cattle  then  being  purchased  in 
erman  East  Africa,  and  as  a  station  for  transport  oxen,  at  that 
>rae  in  use  on  the  Stevenson  Road  connecting  Lakes  Tanganyika 
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and  Nyasa.  At  the  present  time  it  is  used  as  a  breeding  station, 
and  supplies  cattle  to  the  various  district  officials  and  replaces  their 
losses  in  milch  cows.  Recently,  unserviceable  cows,  males  and  young 
stock  have  been  drafted  in  from  these  outlying  stations,  and  among 
some  such  animals,  stated  to  have  come  from  Chinsali,  we  found 
(;]-yp3^];)Qsomes.  At  the  time  of  our  examination  of  this  farm  there 
were  422  head  of  cattle,  of  which  those  that  had  been  bred  there 
were  apparently  in  perfect  health.  In  addition  to  the  settlei  at 
Scotsdale,  whose  cattle,  sheep  and  goats  were  all  infected,  there  are 
two  others,  at  Chunga  and  The  Dell,  situated  within  twenty  miles 
of  each  other,  and  some  twenty  to  thirty  miles  north  of  the  present 
‘fly.’  Cattle,  some  500  head,  at  these  two  farms,  looked  well; 
Chunga,  by  reason  of  its  large  open  grass  flats,  being  particularly 
suited  to  stock.  There  has  been  no  suspicion  of  endemic  trypano¬ 
somiasis  at  these  places,  which  were  stocked  originally  from  the 
healthy  North.  At  the  Livingstonia  Mission  near  Fife  some  fifty 
head  are  kept,  and  though  they  were  not  in  the  best  of  condition  we 
w'ere  unable  to  detect  trypanosomes  among  them.  On  the  plateau 
there  are  1,708  head  of  native-owmed  cattle. 

Tanganyika.  The  officials  at  Abercorn  and  Mporokoso  keep 
cattle  for  their  private  use.  The  latter  place  was  not  visited  by  us, 
but  the  information  given  by  the  Native  Commissioner  does  not 
suggest  the  existence  of  any  acute  trypanosomiasis.  The  disease 
has  never  been  suspected  in  Abercorn,  and  we  were  unable  to  find 
trypanosomes  in  animals  there  ;  but  a  pig  which  was  sent  to  us  at 
our  camp,  fifty  miles  West,  died  of  this  disease  soon  after  its  arrival. 
The  history  of  this  animal  will  be  given  later,  and  we  merely  refer  to 
it  since  it  is  possible  that  its  infection  may  have  taken  place  at 
Abercorn.  Just  prior  to  our  visit  some  five  deaths  had  taken  place 
in  a  herd  of  nearly  600  head  at  a  farm  twenty-eight  miles  East  of 
Abercorn,  and  we  were  able  to  see  a  case  said  to  be  similar  to  those 
which  died.  No  trypanosomes  or  other  blood  parasites  were 
detected,  and  from  the  clinical  picture  presented  by  this,  and  the 
histories  furnished,  we  would  support  the  possibility  that  a  form  of 
vegetable  intoxication  might  be  responsible.  The  existence  of  this 
sickness,  however,  is  of  interest,  since  on  the  route  followed  by  one 
of  us,  each  cattle-owning  village  between  Kasama  and  Abercorn 
complained  of  disease  or  deaths.  Owing  to  the  absence  of  Glossina 


particular  attention  was  paid  to  these  cases,  and  we  purchased  a  sick 
animal  in  order  to  obtain  a  post-mortem.  The  only  lesion  which 
could  be  demonstrated  was  the  presence  of  D.  hefaticmn  in  small 
numbeis.  Saving  for  the  losses  this  year,  native  cattle  throughout 
the  division  have  done  well,  and  tsetse  {Gl.  palpalis)  only  exist  on 
the  shores  of  Tanganyika  and  {Gl.  morsitmis)  to  the  West  of  the 
division.  Cattle  are  kept  at  the  three  stations  of  the  London 
Missionary  Society,  Niamkolo,  Kambole  and  Kawinibi.  At  the  first- 
named  there  is  no  history  of  disease  and  our  examinations  were 
negative.  At  Kawimbi  the  cattle  appear  to  have  been  affected  by 
the  same  disease  which  occurred  in  the  native  cattle  around  ;  at  our 
visit  no  trypanosomes  could  be  found.  Kambole  is  situated  within 
a  few  miles  of  Gl.  morsiians,  though  until  1905  cattle  are  reported  to 
have  done  exceedingly  well.  In  that  year  twenty  head  died,  and 
since  then  the  loss  has  been  from  four  to  six  per  annum.  We  found 
six  animals  in  the  herd  of  sixteen  infected ;  their  histories,  so  far  as 
records  are  available,  and  the  observations  on  the  trypanosomes  will 
be  given  later.  In  the  Abercorn  district  there  are  approximately 
1,200  head  of  native-owned  cattle. 

There  are  consequently  between  8,000  and  9,000  head  of  cattle 
in  Northern  Rhodesia,  localised,  except  for  special  purposes,  to  the 
district  around  Fort  Jameson  and  to  the  Tanganyika-Nyasa  plateau. 
Sheep  are  scattered  over  the  territory,  but  are  more  extensively  bred 
on  the  plateau  and  the  district  around  Bangueolo,  and  we  are  informed 
also  in  the  valley  of  the  Loangwa.  Goats  are  distributed  in  most 
villages  throughout.  Dogs  are  kept  in  nearly  every  village  ;  they  are 
quite  neglected,  and  live  principally  on.  offal.  Wherever  possible, 
Europeans  keep  a  few,  generally  of  English  or  colonial  breed ;  and 
m  these  the  mortality  from  trypanosomiasis  is  high,  especially  as 
they  frequently  accompany  their  masters  on  tour.  Horses  are  found 
only  at  Fort  Jameson  and  Fife;  donkeys  are  met  also  at  certain 

up-country  posts  and  seem  to  have  a  high  resistance  to  the  local 
strains  of  trypanosomes. 


2.  Nyasaland. 

We  were  unable  to  devote  any  attention  to  the  question  in 
Nyasaland,  but  the  following  summary,  kindly  furnished  by  the 
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Governor,  Sir  Alfred  Sharpe,  gives  the  approximate  distribution  of 
cattle  in  that  territory.  The  relation  to  Glossiyia  will  be  seen  on 
the  map  :  — 

CATTT.E  OWNED  IN  NYASALAND, 
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The  mineral  resources  of  North-Eastern  Rhodesia  have  not  yet 
been  developed  ;  as  a  consequence,  no  roads  exist  and  the  movement 
of  stock  is  confined.  Prior  to  1908,  Southern  Rhodesia,  where  the 
cattle  had  been  destroyed  by  East  Coast  Fever,  afforded  a  market  to 
the  breeders  round  Fort  Jameson;  and  to  speculators  who  travelled 
even  into  German  East  Africa  to  trade  in  cattle  with  the  natives 
there.  These  latter  drove  their  purchases  by  circuitous  routes, 
avoiding  tsetse  so  far  as  possible,  down  the  Loangwa  valley  and 
through  Portuguese  territory  ;  but  the  closure  of  Southern  Rhodesia 
save  through  the  ports  of  entry  at  Feira,  for  driven  stock,  and  at 
Livingstone,  for  those  sent  by  rail  from  North-Western  Rhodesia, 
has  practically  stopped  this  movement,  and  the  German  frontier  has 
also  been  closed  owing  to  the  rumoured  existence  of  East  Coast 
Fever  in  that  territory.*  Traffic  in  stock  between  natives  is  probably 
rare,  and  is  certainly  quite  local,  and  since  the  Administration  have 
for  some  years  wisely  prohibited  cattle  trading  between  Europeans 
and  natives,  the  only  movements  now  taking  place  are  between  the 
few  settlers,  the  stations  of  each  mission  society,  or  due  to  the 
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drafting  of  Government  stock  from  the  farms  to  district  officials,  or 
to  settlers  who  hire  cows  for  a  term  of  years.  Such  movements  will 
rarely  exceed  lOO  miles.  Transport  is  entirely  by  native  porters, 
the  few  donkeys  being  used  for  riding  in  the  district,  and  are  only 
exceptionally  taken  any  distance.  Most  of  them  have  come  originally 
from  German  East  Africa. 


Ill-  OCCURRENCE  OF  BITING  FLIES 

The  barrier  to  the  efficient  and  immediate  development  of  this 
virgin  country  is  unquestionably  the  wide  distribution  of  trypano¬ 
somiasis  and  the  transmitting  flies. 

I.  Glossina.  (a)  Glossina  falpalis  is  as  yet  only  known  from 
the  river  Luapula  to  the  North  of  12-^  South,  around  Lake  Tangan¬ 
yika  and  on  some  tributary  rivers.  It  has  not  been  incriminated  for 
stock  in  Rhodesia,  and  cattle  at  Kalung^visi  and  Chienji  are  grazed 
close  to  Its  ranges.  The  distribution  of  this  fly  is  given  more  in 
detail  elsewhere  (pp.  281-3). 

{F)  Glossina  morsitans  is  found  over  the  greater  part  of  the  terri¬ 
tory;  indeed,  if  the  district  of  Fort  Jameson,  the  Tanganyika-Nyasa 
plateau  and  the  neighbourhood  of  Serenji  were  excluded,  it  would 
be  difficult  to  assert  its  perpetual  absence  from  any  area  of  fifty- 
miles  square.  The  statement  made  by  Sir  Harry  Johnston*  that 
this  fly  is  not  found  in  Nyasaland  at  an  altitude  of  more  than  3,000 
feet  does  not  obtain  in  Rhodesia,  where  the  average  height  above  sea 
level  of  the  heavily  infested  Chinsali  and  Mpika  districts  is  more  than 
4,000  feet,  whilst  they  have  been  continually  taken  on  the  Machinga 
Hills  to  the  West  of  the  Loangwa,  which  approach  closely  to 
5,000  feet,  and  a  European  crossing  the  Nyasa-Loangwa  watershed 
East  of  Chinsali,  which  is  of  even  greater  altitude,  states  in  a  letter 
that  he  ‘  found  the  fly  numerous  right  on  the  watershed  on  both  sides 
of  the  border.’  They  are  equally  prevalent  in  the  Loangwa  valley 
(2-3,000  feet),  and  at  less  than  1,000  feet  on  the  Shire  river. 

We  were  unable  to  make  any  personal  observations  as  to  the 
effect  of  season  fer  se  on  the  distribution  of  this  fly ;  but  the  reports 
given  us  by  residents  indicate  a  lack  of  marked  variations.  The 


Johnston,  Sir  H.  H.,  British  Central  Africa,  London,  1897. 
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concomitant  factor,  wind,  unc|uestionably  influences  the  aiea  of  dis¬ 
tribution,  for  during  the  monsoon  the  fly  apparently  disappears  almost 
completely  from  the  exposed  places,  such  as  the  Loangwa  Machmgas 
already  mentioned,  and  is  carried  over  into  normally  clean  country. 
We  may  instance  in  this  connection  the  road  which  one  of  us  followed 
at  the  end  of  the  rainy  season  (March,  1908)  from  Kapata  at  the 
south  end  of  Lake  Bangueolo,  via  Kisengo  and  Kalasa  to  Sakontwi  on 
the  Luapula.  No  Glossina  were  encountered  until  reaching  the 
river,  but  all  the  villagers  en  route  were  agreed  that  in  the  windy 
season  of  each  year  (June  to  September)  they  frequently  catch  tsetse, 
and  they  believe  them  to  have  been  carried  across  from  the  perpetual 
zones  on  the  Luera  river,  a  distance  of  about  twenty  miles.  This  was 
supported  by  an  Official ;  but  it  is  to  be  admitted  that  the  fact  is 

susceptible  of  other  interpretations. 

The  chief  factor  concerned  in  the  distribution,  so  far  as  our 
observations  can  lead  us  to  a  conclusion,  is  the  nalure  of  the  country 
and  its  vegetation. 

The  Native  Commissioner  at  Sumbu  on  Lake  Tanganyika  has 
assured  us  that  on  more  than  one  occasion  he  has  taken  Glosstm 
morsiians  near  to  that  place,  in  the  middle  of  a  broad  grass  plain 
over  half  a  mile  in  width,  and  that  the  fly  rise  from  the  isolated  and 
insignificant  shrubs  which  grow  on  the  water-course  there.  This  is 
the  only  evidence  we  have  obtained  of  the  occurrence  of  morsitam 
away  from  bush  country;  though  the  flats  may  be  mentioned 
which  extend  from  Sakontwi  across  the  extreme  corner  of  the 
Congo  State  towards  Chitambo.  Here,  in  August,  1907,  one  of  us 
took  this  fly  from  around  the  tree-studded  ant  hills  which  crop 
up  in  the  bare  grass  plains  at  intervals  of  one  hundred  to  four  hundred 
yards.  To  a  greater  degree,  are  they  found  in  the  park-hke  country 
which  sometimes  fringes  the  true  bush  country,  and  connects  it  with 
the  larger  of  the  open  plains.  Here  the  trees  attain  greater  size  and 
substance,  but  are  set  at  such  distances  in  the  grass  that  the 

impression  recalls  a  private  park  in  Kngland. 

It  is  in  the  virgin  forest  or  bush  that  Glossina  morsiians  takes  a 
permanent  abode.  This  type  of  vegetation  covers  the  greater  part 
of  all  watersheds  and  high-lying  country,  being  broken  only  by  the 
grassy  ‘  dambos  ’  which  serve  as  drains.  These  dambos  or  open 
grass  plains  (vlei  of  the  Dutch)  commence  as  narrow  strips  of  thirty 
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or  forty  yards  in  width,  accompanying  the  streams,  and  like  these 
unite  together  and  sometimes  open  out  as  the  large  grass  plains  which 
accompany  certain  of  the  rivers.  The  timber  for  the  most  part  is 
small,  rarely  exceeding  thirty  feet  m  height,  and  relatively  open. 
The  shade  furnished  by  these  trees  is  not  always  intense,  but  it  is 
sufficient,  when  in  full  foliage,  to  afford  comfort  after  ’the  open. 
Owing  to  the  almost  annual  fires,  the  branches  are  small  and  stumpy, 
and  the  undergrowth,  excepting  in  a  few  areas,  does  not  assume  any 
great  luxuriance  or  density  and  can  be  traversed  with  little  or  no 
discomfort.  In  the  more  densely  inhabited  regions  (three  to  four 
inhabitants  per  square  mile  is  the  average)  large  tracts  of  this  bush 
have  been  cut  down  about  four  feet  from  the  ground  and  the  land 
then  dug  for  gardens.  After  about  three  years  these  are  deserted, 
so  that  the  vegetation  of  considerable  areas  on  the  inter-dambo  ridges 
is  of  a  more  stunted  character,  but  is  apparently  equally  suited  to  the 
fly.  The  nearest  approach  to  the  dense  tropical  foliage  which  we 
met  is  found  in  the  oases,  termed  msitu^  surrounding  some  springs; 
these  are  small  areas  rarely  exceeding  a  few  acres  in  extent,  where 
the  trees  assume  forest  proportions,  and  are  clothed  with  rubber 
vines  and  other  cieepers,  and  are  interset  with  a  luxuriant  under¬ 
growth  ;  the  soil  is  soft  and  richly  vegetable,  and  the  water  is  close 
to  the  surface.  Although  on  arrival  in  the  territory  we  were  informed 
that  these  7n' situs  were  tsetse  areas  par  excellence,  we  have  never 
seen  Gl.  morsitans  in  any  of  them,  and  it  is  possible  that  small 
Tabanus  and  certain  Haanatapota,  which  are  numerous  in  most,  may 
have  been  mistaken  for  Glossina  by  our  informants.  Regarding  the 
nature  of  the  soil  we  can  say  but  little ;  the  opinion  is  held  by  most 
Europeans  and  natives  that  Glossina  morsitans  avoids  clays  and 
swampy  surfaces,  and  favours  those  of  a  friable  or  sandy  nature.  Our 
observations  tend  to  bear  this  out,  but  the  depth  of  the  soil  is  very 
variable,  being  so  shallow  in  many  places  as  to  permit  of  extensive 
out-crops  of  the  subjacent  rock. 

There  would  appear  to  be  no  special  desire  for  water  on  the  part 
of  the  fly.  In  most  parts  of  the  central  region  with  which  we  deal, 
many  of  the  water-courses  are  dry  for  two  or  three  months  (August  to 
October)  at  the  end  of  the  dry  season,  and  one  may  have  to  travel  in 
a  direct  line  for  over  twenty  miles  in  order  to  meet  a  permanent 

stream,  which  itself  is  little  more  than  a  trickle  ;  and  in  instances  could 
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be  selected  of  districts  where  so  far  as  is  known  no  surface  water  exists 
in  an  area  of  twenty  miles  by  twenty — 400  square  miles — and  yet 
Gl.  morsitans  is  permanently  located  there.  This  is  perhaps  excep¬ 
tional,  and  it  is  unusual  in  the  part  of  North-Eastern  Rhodesia  where 
we  principally  travelled,  which  is  well  watered  by  streams  that  are 
rarely  so  much  as  ten  miles  apart ;  but  we  may  instance  that  to  the 
South-West  of  N’dola  in  North-Western  Rhodesia. 

It  is  often  stated  as  a  fact  that  this  fly  will  disappear  from 
habitations  erected  in  its  haunts.  This  would  appear  to  be  true  for 
North-Eastern  Rhodesia,  but  it  would  be  difficult  to  say  whether  it 
is  due  to  the  presence  of  man  or  to  the  inevitable  clearing  of  the 
bush,  with  the  consequent  destruction  of  its  natural  haunts,  necessi¬ 
tated  by  the  building  of  many  huts  and  the  making  of  gardens.  On 
many  occasions  we  have  taken  Gl.  morsitans  within  a  few  minutes 
of  leaving  a  village,  even  one  long  established ;  and  they  are 
frequently  located  sufficiently  close  to  follow  natives  daily. 

In  connection  with  ‘  following  ’  flies,  which  we  have  watched  being 
carried  by  natives  for  over  half  an  hour  without  attempting  to  feed, 
it  is  an  interesting  fact,  noted  alike  by  the  Administrator,  Mr.  Wallace, 
and  ourselves,  that  although  they  may  be  so  numerous  as  to  constitute 
a  perfect  plague,  most  of  them  will  quickly  disappear  when  a  camp 
is  made  in  the  midst  of  their  haunts,  and  also  even  if  the  halt  is  but 
a  temporary  rest.  On  the  other  hand  there  are  occasions  recorded 
where  our  first  capture  on  that  day  has  been  of  flies  apparently 
attracted  by  our  arrival  for  lunch ;  these  have,  however,  usually  been 
in  small  numbers,  ten  or  twelve  in  half  an  hour,  and  not  in  the 
swarms  so  often  carried  along,  where  that  number  could  be  captured 
with  one  sweep  of  the  net,  and  where  the  lining  of  one’s  helmet  and 
the  back  of  one’s  neck  would  be  almost  hidden,  if  for  a  minute  the 
energetic  use  of  a  fly  switch  were  discontinued. 

Local  numerical  variations  are  noticeable,  and  have  frequently 
been  noted  by  observant  residents  and  by  natives,  even  though  the 
meteorological  conditions  were  similar.  On  the  few  occasions  when 
we  have  travelled  more  than  once  over  a  piece  of  fly  country,  it  has 
been  rare  to  see  Gl.  morsitans  in  the  same  numbers :  on  some  such 
roads  in  the  Mpika  and  Chinsali  district  they  were  taken  plentifully 
in  April  and  May,  and  were  not  seen  in  September  or  December; 
again  at  other  spots  they  were  taken  in  these  latter  months,  and  were 


not  seen  at  our  first  visit.  Our  first  encounter  with  Glossina 
morsitans  was  near  Broken  Hill  in  July ;  not  a  single  specimen  could 
be  found  at  the  same  time  on  the  following  afternoon,  though  the 
conditions  of  sun,  wind  and  temperature  were  apparently  identical. 

It  is  unanimously  stated  by  all  who  have  known  this  territory  for 
any  time,  that  the  area  of  distribution  for  Gl.  morsitans  is  increasing. 
A  noteworthy  case  is  that  of  the  Chinsali  district. 

The  present  Native  Commissioner  was  one  of  the  first  Europeans  in  the 
country,  and  reached  Chinsali  in  i8g6.  As  one  who  had  served  in  Southern 
Rhodesia  previously,  he  was  keenly  alive  to  the  importance  of  tsetse,  and  paid 
special  attention  to  its  occurrence,  since  he  had  been  led,  on  coming  into  the 
country  via  Nyasa  and  the  Tanganyika  Plateau,  to  consider  it  one  suitable  for 
horses.  At  that  time,  1896,  from  his  own  observations  and  from  all  reports  he 
could  receive  from  natives,  Glossina  was  limited  in  that  part  of  the  country  now 
forming  his  district  to  the  neighbourhood  of  Itwa  and  the  Chichera  River.  A 
map  made  in  1903,  as  the  result  of  a  special  tour,  shows  the  extent  of  the  area 
then  invaded,  and  to-day,  with  small  exceptions,  local  and  themselves  uncertain, 
the  whole  district  is  under  the  influence  of  Glossina  morsitans.  The  natives  of  this 
district  are  agreed  in  considering  that  the  fly  has  enormously  increased  its  ranges 
within  recent  years.  This  is  reflected  in  the  figures  of  native-owned  cattle,  which 
have  decreased  from  149  held  by  twenty-one  owners  in  1905,  to  eighteen  owned  by 
four  men  in  1907,  and  we  were  told  b}'  this  official  that  in  all  probability  there 
are  now  none  (May,  1908).  We  were  informed  of  two  specific  cases.  In  1903  a 
chief  settled  in  the  district  bringing  with  him  healthy  cattle  and  sheep.  All  died 
within  two  years,  tsetse  having  encroached  upon  the  land  selected.  A  European 
on  leaving  for  England  in  1907  gave  a  drove  of  13  pigs  to  a  chief  living  on  the 
fringe  of  the  then  fly-free  country.  Within  three  months  these  animals  were  all 
dead  and  the  tsetse  now  surround  his  village. 

There  are  several  areas  on  the  Tanganyika-Nyasa  plateau  and 
other  supposed  fly-free  districts  which  correspond  superficially  with 
what  we  consider  suitable  morsitans  country,  and  there  appears  no 
reason  why  it  should  not  continue  to  extend.  The  existence  of 
considerable  open  grass  land  in  all  these  districts,  however,  will  so 
intersect  its  distribution  as  to  prohibit  the  infection  of  more  than 
local  strips  which  are  in  continuity  with  the  permanently  infected 
zones. 

Association  with  game. 

The  question  of  the  association  of  ‘  game  ’  and  Gl.  morsitans  is 
acutely  discussed  in  Northern  Rhodesia,  and  was  ventilated  in  the 
Field  towards  the  end  of  1907.  Owing  to  our  temporary  acquaint¬ 
ance  with  the  country  we  are  naturally  not  in  a  position  to  make 
emphatic  pronouncements,  but  we  may  record  here  our  observations 
on  the  diet  of  this  fly.  The  game  of  North-Eastern  Rhodesia  with 
which  we  came  in  contact  may  be  roughly  grouped  according  to  the 
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nature  of  the  country  they  prefer.  Most  species  at  some  time  come 
to  feed  on  to  the  grass  dambos,  which,  as  we  have  already  said,  are 
not  permanently  infested.  The  larger  dambos  are  selected  by  some, 
while  others,  such  as  Kudu  {Strepsiceros  kudu),  will  rarely  if  ever 
leave  the  bush,  or  only  occasionally  appear  on  the  fringe  of  the 
smallest  clearings  for  a  very  short  time.  Rhinoceros  {R.  bicornis) 
and  Buffalo  {Bos  cajfer)  chose  the  densest  bush  obtainable,  and  are 
commonly  localised  to  those  parts  of  the  country  affording  this 
condition.  In  common  with  smaller  game,  they  may  come  into  the 
open  in  search  of  water  or  food,  but  they  are  rarely  to  be  seen  by 
sunlight  except  in  the  bush.  (The  local  variations  in  the  habit  of 
the  Rhinoceros  which  occurs  on  the  plains  of  East  Africa  are 
interesting.)  Opposed  to  these  animals  are  the  Sitatunga  {Trage- 
laphus  spekei)  and  the  Lechwe  {Cobus  lichi),  which  never  approach 
bush  country,  but  live  in  the  swamps  and  reeds,  and  the  Sessaby 
{Damaliscus  lunatus)  and  Puku  {Cobus  vardoni),  which  rarely 
penetrate  into  more  than  park-like  country.  Intermediate  between 
these  groups  comes  the  majority  of  ‘game’ — Eland  {Taurotragiis 
oryx),  Sable  {Kippoiragus  niger).  Roan  {Hippotragus  equinus), 
Zebra  {Equus  burchelli),  Hartebeest  {Bubalis  lichtensieinii),  and 
Waterbuck  {Cobus  ellipsirymnus  and  C.  defasa),  which  spend  the 
heat  of  the  day  in  the  bush,  and  come  to  the  dambo  to  feed  in  the 
evenings  and  early  mornings;  some,  as  for  example  Waterbuck, 
Hartebeest,  Roan  and  Zebra,  perhaps  favour  more  the  open  country, 
and  in  this  agree  with  the  smaller  species,  Reedbuck  {Cervicapra 
arundinuni)  and  Oribi  {Oribia  scoparia).  The  Bushbuck  {Trage- 
laphus  scriptus)  is  rarely  found  far  from  bush  of  a  msitu  character, 
i.e.,  having  water  in  the  vicinity,  and  the  duiker  {Cephalophus 
grimmi)  and  M’pala  {Aepiceros  melampus)  will  seldom  be  seen 
feeding  in  the  open.  Pig,  the  wart-hog  {Phacochoerus  aeihiopicus) 
and  the  bush  variety  {Potomochoerus  chaeropoiamus)  are  also  foun 
chiefly  to  the  bush  country  and  the  edges  of  the  dambos  ;  and  while 
Elephant  may  spend  some  time  in  and  around  water  in  the  open, 
Its  food,  leaves  and  bark  of  certain  trees,  is  found  in  the  timbered 

country  and  the  garden  clearings  made  therein. 

We  have  never  seen  taken  or  suspected  GL  morsitans  on  ammas 
grazing  in  the  open,  excepting  when  they  were  shot  almost  direct  y 
after  emerging  from  the  bush. 
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Reference  has  already  been  made  to  the  observation  that 
Gl.  morsitans,  even  in  its  natural  haunts,  will  quickly  retreat  from  a 
pel  son  coming  to  a  halt,  although  they  may  have  been  pestilent 
immediately  prior  to  this.  Our  notes  would  indicate  that  they  may 
recede  from  game  in  the  same  way,  for  upon  the  four  occasions  on 
which  we  came  up  to  resting  rhinoceri  we  could  not  detect  any 
increase  in  the  number  of  flies  surrounding  them— indeed,  twice  they 
appeared  absent  though  we  had  captured  them  at  the’  same  spot 
on  the  previous  day.  The  following  case  is  of  interest  in  this 
connection  :  — 

One  of  us  approached  a  herd  of  hartebeest  against  the  wind,  being  badly 
annoyed  by  morsitans  m  so  doing,  and  lay  down  on  an  ant-hill  within  thirty  yards 
of  the  nearest  animals.  Four  were  lying  down  and  four  standing  up,  all  apparently 
asleep,  and  judging  from  the  ‘spoor’  they  had  been  there  some  time  We 
remained  on  the  ant-hill  from  12.35  to  i.io  watching  them  carefully  through  prism 
glasses  without  being  able  to  ascertain  the  occurrence  of  tsetse.  Whether  from 
habit  or  not  we  cannot  say,  but  it  is  rare  to  see  any  of  the  tailed  antelope  keep 
that  organ  still  for  more  than  a  few  minutes,  and  in  the  present  case  the  standino- 
animals  made  periodic  switches.  For  the  last  fifteen  minutes  of  our  watch  we 
never  saw  or  felt  any  tsetse  on  ourselves,  though  at  least  six  were  present  when 
the  ant-lnll  was  reached,  and  we  did  not  feel  any  biles.  Two  of  these  animals 
were  then  shot,  but  no  fly  were  seen,  though  the  rest  of  the  herd  did  not  at  first 
move  off  more  than  100  yards.  On  walking  away  we  commenced  to  collect  tsetse 
again  within  200  yards. 

Sir  Alfred  Sharpe  and  Mr.  Harger  have  referred  to  districts 
in  Nyasaland  where  game  is  plentiful  and  morsitans  absent,  and 
conversely,  where  morsitans  abound  and  game  excessively  scanty. 
In  North-Eastern  Rhodesia  the  same  disassociation  is  met  with  on 
localised  areas.  Speaking  broadly,  however,  the  best  game  country 
is  m  the  Mpika,  Chinsah  and  Kasama  divisions,  which  for  the  most 
part  are  alternating  bush  and  dambo  affording  ideal  haunts  for  all 
varieties ;  and  the  concurrent  existence  of  tsetse  appears  to  us  to  be 
due  to  a  preference  for  the  same  bush  country.  Certain  of  the 
Officials,  all  keen  hunting  men  and  observers,  have  substantiated 
this  observation,  and  in  reports  have  quoted  instances  in  their 
particular  districts  which  go  to  disprove  any  intimate  connection. 

It  is  well  known  that  Mr.  Selous  has  asserted  that  a  peculiar 
affinity  exists  between  the  buffalo  south  of  the  Zambesi  and  the 
tsetse  which  occur  there.  In  Northern  Rhodesia  there  do  not 
appear  to  be  any  grounds  for  this  view,  and  men  well  versed  in  the 
country  have  denied  it.  Our  own  observations  were  made  on  the 
west  side  of  Lake  Bangueolo  where  tsetse  are  known  to  be  found 
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periodically.  In  March,  1908,  we  followed  the  fresh  spoor  of  three 
different  herds,  and  on  no  occasion  did  we  encounter  any  Glossina. 

An  answer  to  this  question  might  be  given  if  the  diet  of  Glossina 
could  be  satisfactorily  determined.  It  is,  we  believe,  agreed  that 
other  blood-sucking  Diptera--Culicidae,  Tabanidae,  and  the  related 
genera  of  the  Muscidae,  Slomoxys,  Haematobia  and  Lyperosia  can 
exist  without  blood ;  but  it  is  commonly  held,  and  Austen  has 
recently  emphasised  his  belief  in  this  view,  that  Glossina  demands 
blood  and  will  not  exist  on  plant  juices.  This  writer  bases  his 
argument  on  the  high  specialisation  of  the  genus ;  other  writers, 
notably  those  from  south  of  the  Zambesi,  on  the  rumoured 
inseparability  of  fly  and  ‘game.’  F.  J.  Jackson,^  Stordy,t  and  other 
observers  in  East  Africa,  Sir  Alfred  Sharpe  and  Harger  in  Nyasaland 
and  Northern  Rhodesia,  have  failed  to  notice  any  intimate  connec¬ 
tion,  and  our  own  work  supported  this.  The  extraordinary  number 
of  Gl.  morsitans  (almost  incredible  to  one  who  has  not  been  in  their 
haunts)  in  many  cases  where  ‘  game  ’  is  exceedingly  rare,  would 
appear  to  preclude  the  possibility  that  more  than  a  small  percentage 
could  obtain  a  mammalian  blood  meal,  at  what  one  may  suppose  to 
be  satisfying  intervals.  It  is  recognised  that  in  captivity  a  tsetse 
must  as  a  rule  be  fed  at  least  every  forty-eight  hours ;  in  nature  it 
would  often  seem  impossible  for  more  than  one  or  two  per  cent,  to 
feed  on  blood,  say,  every  six  or  ten  days  ;  in  some  cases,  owing  to  the 
entire  absence  of  any  game  indications,  it  would  certainly  look 
dubious  if  within  a  dry  season  the  majority  could  get  a  blood  meal. 

Sir  Alfred  Sharpe  in  a  private  letter  mentions  that  he  had  often 
been  struck  by  the  great  preponderance  of  flies  which  on  crushing 
apparently  contained  no  blood. 

We  have  never  been  able  to  keep  captive  flies  alive  for  more  than 
ninety-six  hours  after  feeding,  but  up  to  that  time  there  was 
invariable  evidence  of  the  meal.  Certain  variations  in  the  rate  of 
digestion  were  seen  :  in  a  few  flies  no  corpuscles  remained  after 
thirty  hours,  in  others  they  were  seen  intact  after  seventy-two. 
Following  the  disintegration  of  corpuscles  the  gut  contents  become 
granular  and  darker,  and  pigment  grains  are  seen  m  the  cells  lining 

*tF.  J.  Jackson  and  K.  Stordy.  vide  Austen’s  Monograph  of  tsetse  ftw> 
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the  wall.  With  one  or  two  exceptions  this  stage  was  recognisable 
after  eighty-four  hours.  In  these,  and  in  those  after  ninety-six  hours, 
the  gut  contents  were  fluid,  only  slightly  pigmented  and  largely 
crystalline,  but  the  cytoplasm  of  the  lining  cells  is  still  deeply 
pigmented.  In  unfed  flies — for  present  purposes  we  assume  as  unfed 
those  showing  no  pigmentation— the  cell  contents  are  dull,  finely 
granular,  and  free  from  pigmentation  and  vacuolisation ;  in  those 
in  which  digestion  is  proceeding  the  cytoplasm  becomes  more 
refractile,  less  granular,  vacuoles  of  varying  sizes  make  their 
appearance,  and  the  nucleus  is  more  readily  discernible. 

It  is  consequently  possible  to  state  with  certainty  whether  a  given 
fly  had  obtained  a  meal  of  blood  within  four  days  of  examination  ; 
it  is  probable  that  evidence  of  the  meal  remains  for  at  least  six  days, 
and  it  is  fair  to  suppose  that  a  fly  showing  no  signs  of  blood  in  its 
gut  has  not  fed  in  this  manner  for  five  days. 

On  Lake  Tanganyika  {Gl.  fal falls)  and  at  Kambole  {Gl. 
morsitans)  we  dissected  nearly  400  freshly-caught  flies,  of  which 
approximately  66  per  cent,  showed  no  signs  of  blood.  Near  Mpika 
82  out  of  a  total  of  112  freshly-caught  Gl.  morsitans  (79  per  cent.) 
were  free  from  all  traces  of  haemoglobin,  and  of  the  twenty-three 
which  showed  such  traces  five  had  but  recently  fed— in  three  the 
sucking  stomach  contained  large  quantities — most  probably  from  our 
caravan. 

In  three  Gl.  falpalis  of  which  we  have  notes — prior  to  the  first 
observation  it  possibly  passed  unnoticed — the  cells  lining  the 
intestine  from  proventriculus  to  proctodaeum,  were  in  the  state  we 
associate  with  active  digestion,  that  is  to  say,  there  was  refractility 
and  vacuolisation  of  the  cytoplasm,  and  the  lumen  was  occupied  b}' 
a  clear  fluid.  It  is  impossible  to  state  whether  this  was  due  to  a 
pathological  condition  or  to  the  digestion  of  a  fluid  which  was  not 
blood. 

These  observations,  though  unquestionably  limited,  would 
certainly  point  to  Glossina  as  being  capable  of  existence  for 
considerable  periods  without  blood,  and  possibly  to  their  ability  to 
feed  on  vegetable  juices  in  its  absence.  We  cannot  neglect  the 
additional  evidence  that  45  per  cent,  of  our  Gl.  fal falls  .showed  an 
intestinal  infection  with  flagellates,  and  it  is  possible  that  some  of 
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these  acquired  them  through  what  Minchin*  has  termed  the 

taminative  ’  method. 

As  a  result  we  are  led  to  express  the  opinion  that  the  distribution 

of  Gl.  inorsitans  is  entirely  dependent  upon  the  nature  of  the  country 
and  its  flora,  the  association  with  the  fauna  is  largely  fortuitous,  and 
that  a  perpetual  supply  of  mammalian  blood  is  not  imperative  to  its 
at  least  temporary  existence. 

Relation  to  disease 

It  has  become  almost  an  axiom  that  Gl.  niorsitans  indicates 
trypanosomiasis ;  much  further  study  is  needed  to  decide  this  point. 
Wherever  disease  exists,  whether  positively  diagnosed  as  a  trypano¬ 
some  infection  or  not,  and  this  fly  can  be  caught  within  five  miles  or 
perhaps  more,  even  if  it  be  but  a  solitary  individual,  the  owner  will 
remain  convinced  of  its  causal  relationship.  There  are,  however, 
certain  instances  which  would  indicate  that  this  fly  may  exist  within  a 
short  distance  of  cattle  without  producing  any  noticeable  damage. 

In  a  previous  reportf  we  noted  an  example  on  the  River  Kafue, 
and  mentioned  two  villages  (Chinyama  and  Chiwala)  where  cattle 
are,  or  have  been  kept,  within  a  mile  of  permanently  infested  bush, 
and  which  unquestionably  at  some  time  have  been  bitten;  indeed 
morsitans  has  been  caught  by  a  European  feeding  on  these  animals 
In  North-Eastern  Rhodesia  we  were  informed  that  cattle  had  been 
for  some  time  grazed  in  the  Loangwa  Valley  at  a  place  where  we 
took  tsetse,  and  without  any  suspicion  of  infection  resulting  ;  and  at 
Mpika  and  Luena,  the  natural  haunts  of  the  fly  are  so  close  that  it 
is  difficult  to  consider  that  these  cattle  have  never  been  bitten.  The 
same  applies  to  the  native  cattle  at  Luchembe  with  Gl.  morsitans  all 
around,  and  to  the  Government-owned  stock  at  Kalungwisi  {Gl 
palpalts)  and  Chienji.  Still  more  striking  examples  are  afforded 
by  those  herds  which  until  recently  were  driven  from  German  East 
Africa  into  Southern  Rhodesia,  approximately  i,ooo  miles.  Of 
course,  every  precaution  was  taken  to  prevent  contact  with  Glossina, 
and  circuitous  routes  were  followed  to  avoid  them  ;  but  deaths  were 
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rare— we  have  no  exact  figures— despite  a  known  infection  in  some 
of  the  animals.  Mr.  Morkel,  the  manager  of  the  Government  Cattle 
Farm  at  Ikomba,  gave  us  the  following  particulars,  which  afford 
valuable  evidence  regarding  the  effects  of  Gl.  morsitans  on  cattle  in 
one  part  of  this  territory. 


[ie  travelled  with  a  mob  of  800  head  of  Government  cattle  from  Ikomba  to 
Fort  Jameson,  starting  in  November,  1907.  The  route  followed  may  be  seen  on 
the  map.  Glossina  7norsttans  was  first  encountered  on  December  25th  near  Kabomba 
and  it  continued  practically  all  the  way  down  the  East  side  of  the  Loangwa  to 
Chinundu,  forty  miles  from  Fort  Jameson,  which  was  reached  towards  the  end  of 
March,  igo8.  At  Msikini,  where  a  week  was  spent,  fly  was  very  thick  and  at 
Chipandwi,  with  fly  all  round  the  village,  these  cattle  were  quarantined  for  six 
weeks.  Actually  twelve  weeks  were  spent  in  permanent  haunts  of  Gl.  morsilans  : 
the  cattle  marched  over  400  miles— roughly  200  of  which  was  in  ‘  fly ’—and  did  so 
m  the  middle  of  the  rainy  season,  with  daily  storms  and  several  rivers  which  had 
to  be  swum  across  and  they  arrived  in  Fort  Jameson  wdth  an  actual  loss  of  only 
eight.  Of  those  which  arrived  eighteen  were  believed  to  be  infected  (the  method 
of  examination  adopted  in  this  herd  is  not  known),  but  we  were  informed  bv  the 
Veterinary  Officer  that  after  a  rest  near  Fort  Jameson  the  mob  was  sent  on  to  its 
destination  in  Southern  Khode.sia  and  was  received  there  without  further  loss  It 
IS  to  be  noted  that  all  three  dogs  which  accompanied  Mr.  Morkel  died. 


It  is  assumed  as  a  result  of  Bruce’s  work  in  1896  that  animals 
ranking  as  game,  constitute  the  reservoir  from  which  Glossina 
abstract  infection,  that  they  are  what  Minchin*  and  Woodcockt 
term  natural  ’  hosts  for  the  trypanosomes. 

What  proportion  of  game  is  infected  cannot  yet  be  estimated ; 
a  very  small  percentage  apparently  shows  peripheral  trypanosomes, 
and  it  is  extremely  difficult  to  carry  animals  susceptible  to 
inoculation,  especially  since  small  laboratory  animals  would  fail  to 
demonstrate  at  least  two  organisms  pathogenic  to  domestic  stock, 
T.  vivax  {T.  cazalboiii)  and  Tr.  nanum.  The  number  of  head 
showing  trypanosomes  in  the  peripheral  circulation  is  certainly 
small ;  BruceJ  failed  to  demonstrate  them  in  Zululand  ;  Dutton,  Todd 
and  Kinghorn§  record  three  positive  findings  in  twenty-two  ;  and  we 
have  found  them  in  only  two  out  of  158  direct  examinations.  It  will  be 
detailed  later  that  inoculations  were  made  from  these  cases  and  from 
a  wart-hog  and  a  buffalo  shot  near  our  camp,  in  every  case  without 
result.  Bruce  s  inoculations  at  Ubombo  showed  approximately 
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2^  per  cent  of  the  local  fauna  to  be  infected;  with  such  a  high 
nUortion  the  Glossina  should  also  show  a  correspondingly  high 
Urcentage  of  infectivity,  and  in  Zululand  this  apparently  obtained, 
for  no  failures  are  recorded.  That  this  high  ratio  of  infected  tsetse 
is  not  universal,  is  we  think  shown  by  the  manner  m  which  the 
cattle  already  mentioned  have  been  exposed  to  their  attacks  for 
considerable  periods  without  any  untoward  effects ;  unless  it  be 
assumed  that  a  very  latent  or  chronic  infection  had  resulte 

We  have  records  of  feeding  fifty-three  freshly-caught  Ghssim 
morsitans  on  a  dog  (22),  a  guinea-pig  (25)  and  a  white  rat  (  ),  none 
of  which  became  infected ;  and  no  natural  infections  have^  been 
recorded  by  workers  of  the  Sleeping  Sickness  Commission,  w  0 
used  large  mimbers  of  freshly-caught  Gl.  failles  and  Gl.  fuse. 
at  Nairobi.  The  suggestion  was  then  made  that  possibly  these  les 
had  lost  their  infectivity  during  the  period  elapsing  between  capture 
at  Kibwezi  and  feeding  at  Nairobi,  but  if  Kleine’s  recent  observa- 
tionst  are  to  be  substantiated  it  must  be  inferred  that  they  were 

non-infective  at  the  time  of  capture.  •  .t 

The  Loangwa  valley  down  w'hich  Mr.  Morkel  travelled  is  one 

the  best  shooting  districts  in  North-Eastern  Rhodesia,  being  very 
rich  in  game  of  all  local  species;  whilst  the  Kafue  river,  on  which 
were  situated  the  European  farm  and  Chinyamas  village,  w  ere  no 

cattle  mortality  occurs,  is  one  of  the  richest 
North-Western  Rhodesia,  and,  as  previously  reported,  game 
various  species  has  been  seen  grazing  with  the  stock. 

Quite  dissimilar  are  the  results  in  the  transport  cattle  taken 
,907'  from  Broken  Hill  to  Kansanshi,  where  all  the  >08 
on  this  250  mile  journey  died  within  two  months,  and  all  the  42  h 
sent  between  Broken  Hill  and  Ndola  also  succumbed.  This  lesuh 
also  occurred,  on  the  same  Ndola  road,  to  the  railway  survey  par  h 
who  lost  all  their  animals  in  .905-6  and  had  to  ^andon  h 
waggons,  and  to  Mr.  George  Grey's  party  proceeding  from  Kalomo 

to  Kansanshi  in  1902. 

Reference  has  been  made  in  our  ” 

experimental  animals  taken  by  us  between  Mwombosh.  and  B 
Hill  which  became  infected  after  three  Gl.  morslians^e^^^^ 

*  Reports  of  Sleeping  Sickness  Commission,  No.  V,  p.  4.'?- 
t  Kleine.  Dent.  med.  Woch.,  1909,  pp-  469-47®- 
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feed.  In  a  supplementary  note  at  the  end  of  this  report  we  shall 
draw  attention  to  the  possibility  that  they  derived  infection  after 
arrival  at  our  camp. 

It  is,  of  course,  easy  to  explain  the  discrepancies  in  the  evidence 
quoted  as  being  due  to  lack  of  infectivity  m  the  tsetse  or  the  game, 
or  that  the  trypanosome  infection  was  so  mild  as  to  escape  clinical 
detection,  but  it  appears  to  us  that  this  is  a  confession  of  ignorance 
on  the  most  essential  points,  upon  a  knowledge  of  which  improved 
prophylactic  measures  might  be  adopted  ;  and  when  we  add  to  this 
the  fact  that  all  game  experimentally  inoculated*— zebra  and  zebra- 
hybrids.  a  springbok,  jackals,  most  monkeys,  rats.  &c.— became 
infected,  it  must  be  admitted  that  a  thorough  re-investigation  of  the 
relationship  between  game,  tsetse  and  disease  should  be  undertaken. 

Are  other  biting  flies  not  implicated  in  this  disease  ?  Tabanidae 
{Tabanus  and  liaematafotc^  and  Stomoxys  are  irregularly  distributed 
over  the  whole  country  we  travelled ;  but  in  much  smaller  number 
than  Glossina.  Chrysop  is  uncommon  and  Pangonia  was  only 
taken  at  three  places,  each  roughly  twenty  miles  apart  at  points  of  a 
triangle  - -Chunga,  Dell  Farm,  and  close  to  Mirwangi  Village.  We 
never  heard  of  it  elsewhere.  Hippobosca  was  not  seen  by  us  in 
Northern-Eastern  Rhodesia,  but  Neave  has  taken  them  in  the  Lovu 
V  alley. 


In  a  previous  paperf  reference  was  made  to  Tabanus  acting  as 
transmitting  agent.  A  second  native  has  made  a  similar  accusation, 
asserting  that  this  fly  was  responsible  for  many  deaths  in  cattle  at 
Kota-Kota  in  1903.  Europeans  and  other  natives  have  never  had 
occasion  to  incriminate  Tabanidae  and  use  the  well-worn  argument 
that  they  exist  where  there  is  no  disease.  Only  one  exception  may 
be  made  for  the  case  of  a  European  settler  who  has  blamed 
biaematapota  for  the  death  of  some  donkeys.  We  have  not 
personally  met  this  settler  and  have  no  first-hand  data. 

The  case  against  Stomoxys  is  different.  We  have  concluded  that 
in  an  epidemic  at  Broken  Hill  this  played  an  active  part  in  extending 
transmission  to  those  cattle  which  had  not  recently  at  least  been  in 


*  Vide  Jakimoff.  Cent.  f. 
Uurham  and  Blandford.  Proc. 

Vlh 

t  Montgomery  and  Kinghoin. 


Bakt.  I  Orig.,  Vol.  XXXVII,  p.  66S.  Kanthack, 
Roy.  Soc.,  i8g8,  LXIV,  p.  100.  Martini.  Dent. 
Grothu.sen.  Arch.  f.  Schiff-  u.  Tropenhyg.,  1903, 

Annals  Trop.  Med.  and  Parasit.,  Vol.  If,  No.  2. 


‘  morsitans  country.’  Since  then  we  have  learnt  of  two  outbreaks  of 
trypanosomiasis  in  cattle  near  Fort  Jameson,  which,  as  already  noted, 
IS  tsetse-free  and  a  cattle  raising  country.  The  following  is 
abstracted  from  the  report  of  Mr.  Lane,  the  Veterinary  Officer  to 
the  Administration*' :  — 


In  March  of  this  year  (1908)  a  few  deaths  in  cattle  occurred  on  a  farm 
twenty-five  miles  from  Fort  Jameson,  considered  at  first  by  the  owner  to  be  due 
to  brutality  on  the  part  of  the  herd-boys.  Later  it  was  considered  to  be  Biliary 
fever,  and  finally  the  owner  attributed  the  recurrent  deaths  to  liver  fluke.  In  a 
blood  smear,  sent  in  at  this  time,  trypanosomes  were  found.  A  visU  to  the  farm 
disclosed  the  fact  that  some  Government-owned  stock  lent  to  this  settlei,  and 
which  had  never  before  been  issued  and  were  then  undoubtedly  clean  were 
amongst  the  infected.  This  settler  admits  buying  cattle  from,  natives,  and  I  fear 
that  at  the  time  he  bought  this  stock,  although  showing  no  signs  of  disease,  they 
had  trypanosomes,  and  I  think  a  blood-sucking  fly  had  conveyed  them  to  the 
healthy  ones.  No  ‘  fly  ’  can  be  found  at  this  farm,  and  the  owner  denies  that  his 
animals  have  ever  left.  I  have  little  doubt  in  my  own  mind  that  a  blood-suckmg 
fly  other  than  the  Glossina  morsitans  can  convey  the  disease.  It  is  possible  that 
small  numbers  of  ‘fly’  may  have  rapidly  crossed  the  farm,  but  it  is  difficu  t  to 
believe  this  after  hearing  the  emphatic  statements  of  the  owner  and  his  boys 
who  must  be  cognisant  with  the  tsetse.  Up  to  the  present  between  thirty  and 
forty  animals  have  died. 

A  second  outbreak  occurred  on  a  part  of  the  Government  Farm  thirteen  miles 
from  Fort  Jameson  and  the  Broken  Hill  road.  Eight  head  of  cattle  were  sent 
from  Petauke  in  January,  190S,  by  the  Native  Commissioner,  who  recordea  that 
they  all  were  then  in  good  condition.  When  they  arrived  they  were  naturally, 
after  travelling  for  over  a  hundred  miles,  somewhat  poor  in  condition.  These 
animals  were  herded  with  other  Government  stock  at  a  village  on  the  farm.  A 
month  after  their  arrival  they  were  reported  sick,  and  blood  smears  showed 
trypanosomes.  Five  of  these  animals  have  already  died.  At  the  beginning  of 
April  I  was  again  called  by  the  foreman  of  the  Government  farm,  as  he  reported 
other  animals  were  sick.  These  animals  were  thin  and  unthrifty  in  condition,  and 
blood  smears  showed  they  were  also  suffering  from  trypanosomiasis.  The  serious 
side  of  this  outbreak  is  that  some  of  the  animals  had  not  been  issued  to  farmers 
for  a  number  of  years,  and  others  had  been  on  the  farm  for  five  or  six  years. 
This  discovery  again  points  to  the  fact  that  a  blood-sucking  creature  other  than 
Glossina  morsitans  can  convey  the  disease  in  cattle.  I  must  add  that  every  pains 
have  been  taken  to  find  out  if  tsetse  fly  had  visited  this  district,  and  from  all 
sources  I  have  got  a  negative  reply. 

Mr  Lane  concludes  by  observing  that  flies  ‘  very  similar  to,  if  not  the 
ordinary  house-fly,’  were  present  in  ‘  unusually  large  numbers  ’  and  ‘  were  constant 
suckers  of  blood  of  these  animals,’  and  proceeds  to  discuss  the  possibilities  0 
mechanical  transmission  under  these  conditions. 

We  have,  in  North-Eastern  Rhodesia,  met  a  Europeant  who  has 
been  twenty-four  years  in  tsetse  infected  districts  and  who  had 
previously  never  suspected  any  fly  but  these.  As  a  result  of  his  own 


*  Kindly  forwarded  by  the  Administrator,  Fort  Jameson. 
\  Mr.  G.  Pirie. 


observat.ons  m  January  ,908,  he  concluded  tha.  S^cno.,.,  was 
responsible  for  the  death  of  two  dogs,  showing  all  symptoms  o 
trypanosomiasis,  which  took  place  in  reported  fly.free  comnry 

On  ^  Scotsdale  near  Chmsali,  we  found  cattle,  sheep  and 

goats  naturally  infected.  One  of  the  infected  cattle  was  a  calf  four 
mon  hs  old.  The  owner  s  .son  said  that  the  cattle  habitually  grazed 
on  the  grass  flats  just  below  the  farm,  but  that  the  calf  remaiLd 
the  horn  Stead  or  in  the  gardens  around,  t/.  does  no 

occur  within  two  miles  of  the  river,  across  which  the  calf  ad 
certainly  never  gone  The  adult  cattle,  four,  all  that  remained  of 
wenty-eight,  are  believed  to  have  been  infected  on  the  way  to  the 
farni  SIX  months  before.  S^o,no.ys  was  pestilent  in  the  cattl  kraah 
The  trypanosome  at  Broken  Hill  was  T.  dimorphon  and  that  at 
ort  Jameson  was  morphologically  of  the  same  type  and  was 

pathogenic  to  dogs.*  That  at  Scotsdale  recalls  r  ^ 

miidi  that  morphologically  it  shows  forms  similar  to  thrtadpole’s  'of 

LX''::; ■"  "  -"•-..c  ..Xt ;; 

While  investigating  an  outbreak  of  trypanosomiasis  in  Portuguese 
East  Africa  where  Glossma  is  said  to  be  unknown,  Theilert  haf  also 
met  with  an  organism  responding  to  the  tadpoles  of  T.  dimorphon 
Here  again  other  biting  flies  must  be  incriminated. 

In  the  face  of  this  evidence  it  might  at  first  glance  appear  stramre 
at  1,0  outbreaks  of  trypanosomiasis  have  occurred  in  Southern 
10  esia  as  a  result  of  the  importation  from  the  North  of  cattle  in 
wiose  blood  trypanosomes  have  been  found  on  arrival'*  But  due 

mTclZTthf  Ir  have 

Owinv  to  tl  be  against  a  free  transmission. 

arrwai  h,  h  ='«'gbter  on 

of  all  stock  ■•'gatlations  being  in  force,  movement 

e  o  T  ;  addition  to 

-  which  of  themselves  would  inhibit  the  transmission  of 


’•'o«  lameso,,. 

T  lieiler,  A.  Bull.  Soc.  Path.  Exot.,  T.  11,  No.  i. 

^griculture,^^Pretori?  Veterinary  Conference,  igog.  Department  of 


disease,  we  have  no  evidence  as  to  the  geographical  or  numerical 
distribution  of  Sto'Moxys  south  of  the  Z.arnbesi.  Again,  it  is  thought 
by  most  who  have  not  studied  the  question  that  trypanosomiasis 
must  occur  in  an  epidemic  form  ;  they  do  not  appreciate  the  fact 
that  in  most  countries  where  the  disease  exists  in  the  absence  of 
Glossina,  as  for  example  in  India,  the  greatest  mortality  occurs  as  a 
result  of  isolated  cases  and  that  anything  corresponding  to  an 
epidemic  is  relatively  rare,  and  when  occurring  is  due  to  the  circum¬ 
stances  under  which  the  animals  were  kept.  Such  isolated  cases, 
where  the  disease  is  not  suspected,  and  due  to  trypanosomes  of 
diverse  animal  reactions,  are  most  readily  overlooked,  and  the  death 
would  probably  be  ascribed  to  the  commonest  complaint.  South  of 
the  Zambesi  the  name  gall-sickness  covers  a  multitude  of  diseases. 

IV.  THE  DISEASE  IN  STOCK 

We  have  met  with  the  disease  naturally  m  cattle,  sheep,  goats, 
dogs  and  a  pig  I  all  examinations  of  donkeys,  nine  in  number,  have 
been  negative. 

Concerning  the  susceptibility  of  Donkeys,  we  would  recall  that 
at  Broken  Hill  two  were  inoculated,  and  one  became  infected  with 
T.  dmiorphon.  On  December  28th,  fourteen  months  after  inocula¬ 
tion,  he  was  still  at  work,  and  had  exchanged  hands  at  an  enhanced 
price  owing  to  his  improved  condition.  The  donkey  inoculated  with 
T.  vivax  did  not  show  organisms  during  the  period  of  observation, 
and  five  months  later  he  was  taken  back  to  Chinsali  by  his  original 
owner.  We  examined  him  there  on  two  occasions  with  negative 
results,  as  also  were  those  made  on  three  other  donkeys  living  close 
to  Gl.  morsitans  and  being  worked  therein,  and  sleeping  in  a  kraal 
with  trypanosome-infected  cattle.  The  donkeys  with  which  we  came 
in  contact  apparently  possess  a  high  degree  of  resistance  to  2. 
dimorpJwn,  T.  vivax  and  a  trypanosome  allied  to  T.  nanum.  Beyond 
the  mention  of  donkeys  dying  after  the  bites  of  Haemaiapota,  a  case 
already  referred  to,  we  have  received  no  information  as  to  their 
behaviour  in  other  districts  to  which  they  may  have  been  taken. 

Trypanosomiasis  in  Cattle  would  appear  to  vary  in  intensity  very 
considerably.  The  severe  outbreaks  of  acute  disease  at  Broken  Hill 
and  Fort  Jameson  contrast  markedly  with  the  latent  infection  at 
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Chinsali,  which  has  certainl}.'  been  in  existence  since  1905,  and  which 
normally  takes  its  toll  of  but  two  or  three  per  annum. 

As  will  be  expected,  the  symptoms  vary  with  the  nature  of  the 
infection  :  from  the  acute  febrile  condition  of  a  week  or  two’s  duration 
to  the  emaciated  hairless  skeleton,  which  has  presumably  taken  at 
least  a  year  to  produce.  In  the  absence  of  any  positive  diagnosis 
recovery  may  be  disputed ;  but  certain  owners  are  emphatic  that 
animals  with  a  history  of  exposure,  and  all  clinical  symptoms  of 
trypanosomiasis,  have  recovered,  and  w^e  have  examined  such  without 
seeing  trypanosomes.  Neither  can  the  post-mortem  appearance  be 
regarded  as  constant.  The  enlarged  spleen  and  haemorrhagic  glands 
of  the  acute  case ;  the  oedematous  tissues  and  accumulation  of  fluid 
m  the  body  cavities ;  and  the  dry,  fatless  muscles,  the  pale  tissues 
and  organs  with  slight  oedema  of  the  lymphatic  glands-the  only- 
moisture  present  are  according  to  the  observation  of  ourselves  and 
of  others,  all  met  with. 

hurther  work  on  the  nature  of  the  trypanosomes  encountered  in 
the  territory,  and  their  geographical  distribution,  is  required  before 
the  questions  of  insusceptibility,  immunity  and  recovery  can  be 
logically  discussed. 

Goats  and  Sheep  are  regarded  alike  by  Europeans  and  natives  as 
immune.  On  primd  facie  grounds  the  disease  in  them  is  therefore 
chronic.  We  have  seen  animals  three  and  a  half  months  after  the 
diagnosis  of  the  natural  disease  in  as  good  condition  as  at  first,  and 
not  suspected  of  sickness  by  observant  owners. 

Twenty-three  goats  and  sheep  were  successfully  inoculated  with 
various  strains  ;  the  only  failures,  three,  being  at  Broken  Hill  with 
T.  vivax  (gland  puncture  was  not  resorted  to). 

Speaking  broadly,  trypanosomes  were  generally  visible  in  the 
peripheral  blood,  both  in  naturally  and  experimentally  infected 
animals,  and  being  apparently  m  good  health,  it  appears  to  us  that 
they  may  act  as  reservoirs  par  excellence  for  the  virus,  and  by  trade 

and  movement  may  become  dangerous  potential  disseminators  of  the 
disease. 

In  Dogs  the  disease,  when  fatal,  appears  to  be  somewhat  acute, 
and  accompanied  by  intermittent  fever,  progressive  debility,  opacity 
of  the  cornea,  and  frequently  by  nervous  symptoms.  It  would  seem, 
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however,  that  dogs  will  not  infrequently  recover  from  what  is 
clinically  a  trypanosomiasis. 

We  have  notes  given  by  the  owners*  of  two  dogs  which  travelled  from  Broken 
Hill  to  Abercorn  and  which  were  healthy  on  starting.  The  only  tsetse  actually 
feen  were  encountered  about  the  middle  of  April,  and  were  noticed  to  have 
settled  on  these  dogs.  They  arrived  in  Abercorn  the  end  of  April,  and  a  or  nigh 
la'er  a  month  after  meeting  Gl.  morsitans,  both  lost  flesh,  became  listless  and 
dull '  and  had  uncertain  appetite.  This  continued  for  about  three  weeks,  after 
whkh  they  gradually  picked  up,  and  at  several  blood  and  gland  examina  ions 
between  June  and  November  no  trypanosomes  were  evei  seen,  and  e  gs  are 

both  quite  healthy.  *  •  , 

Two  other  dogs  travelled  from  Sumbu  to  Mporokoso,  and  frorn  four  to  eight 
weeks  after  the  journey  lost  all  condition,  became  veritable  skeletons,  and  vven 
covered  with  body  sores.  A  third  dog  which  accompanied  one  of  these  had  to 
be  shot.  In  one  case  there  was  total  ‘blindness’  and  opacity  of  the  cornea. 
They  commenced  to  improve  after  about  two  months’  sickness  but  regained  their 
condhion  verv  slowly.  We  e.vamiiied  their  blood  and  glands  on  seieral 
occasions  between  June  and  November  without  finding  trypanosomes,  though 
they  were  still  thin. 

As  indicating  the  course  trypanosomiasis  may  take  in  a  dog,  we 
may  here  mention  the  case  of  a  wire-haired  fox  terrier  which  accom¬ 
panied  one  of  us  from  Broken  Hill  and  back  to  the  railway  nineteen 

months  later. 

This  dog  encountered  fly  in  August,  1907,  and  was  thereafter  as  much  in  it 
as  out  and  we  have  on  many  occasions  removed  gorged  Gl.  morsitans  froin  hi  ^ 
?roir’ December  to  February  he  was  somewhat  less  active  than  usua  ,  an 
towards  the  end  of  that  month  rapidly  lost  condition,  temperature  was  elevated 
IT  spleen  enlarged,  but  we  were  unable  to  demonstrate  trypanosomes  in  th 
Tod  He  rapidly  recovered,  but  again  fell  sick  in  October,  1908,  an 
trypanosomes  were  then  seen.  In  November  his  condition  was  piecarious  and 
a  faS  termination  almost  daily  expected.  From  the  night  of  November  a4th  he 
rallied  and  retained  his  improvement  up  to  arrival  in  Pretoria  in  the  middle  0 
Tanuary,  when,  despite  his  lack  of  bodily  condition  from  the  long  hj 

was  iiientally  active.  Trypanosomes  were  not  seen  m  blood  and  g  and 
examinations  between  November  13th  and  January  20th  but  death  took  place 
?rom  this  disease  shortly  after  our  departure  (Dr.  Theiler's  letter  of  April  26th). 

We  have  only  seen  the  disease  in  one  P ig ;  though  it  has  been 
recorded  to  us  from  Chmsali  and  was  then  apparently  acute.  We  are 
unable  to  trace  the  infection  of  this  pig,  which  had  been  at  our  camp 
for  three  weeks  in  apparent  health.  Death  took  place  after  a  visible 
sickness  of  only  six  hours’  duration,  with  trypanosomes  swarming  m 
the  blood  and  post-mortem  changes  indicating  an  intensely  acute 
disease.  These  animals  are  quite  local  in  distribution  and  of  itte 
economic  importance. 


'It 
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V.  PROPHYLACTIC  MEASURES  RECOMMENDED 

Prevention. 

In  a  country  like  Northern  Rhodesia  we  are  faced  by  the  interests 
of  two  sections  of  the  community — those  who  wish  to  breed  healthy 
stock  in  suitable  localities  and  those  who  for  commercial  reasons  find 
it  necessary  or  desirable  to  keep  or  expose  their  animals  in  localities 
where  the  potentialities  of  the  disease — infective  tsetse — exist. 

For  this  latter  class  there  is  little  to  be  said:  the  owner  is 
cognisant  that  all  his  animals  may  die,  and  if  he  is  engaged  in  hired 
transport  his  charges  are  sufficient  to  indemnify  him.  These  high 
rates — we  have  heard  of  per  ton  being  paid  for  transport  over 
250  miles  of  road — act  most  detrimentally  to  the  interests  of 
commerce  in  a  young  country,  but  in  the  light  of  our  present  know¬ 
ledge  there  appears  no  solution.  Theoretically  the  removal  of  the 
tsetse,  or  the  source  from  which  they  obtain  the  infection,  would 
bring  about  the  desired  result.  In  practice  the  former  is,  as  yet, 
impossible,  though  according  to  the  theory  prevalent  amongst  those 
who  have  been  in  South  Africa,  the  destruction  of  the  game,  which 
may  also  be  considered  the  main  source  from  which  infection  is 
derived,  would  be  followed  by  the  disappearance  of  Glossina.  A 
serious  attempt  was  recently  made  near  Fort  Jameson  by  men  acutely 
interested  in  the  result,  to  destroy  or  drive  away  the  game  from  an 
approved  area.  A  successful  termination  to  the  experiment  would  in 
all  likelihood  have  meant  the  adoption  by  the  Administration  of 
this  means  of  clearing  all  areas  where  cattle  movement  was  desirable, 
and  it  may  reasonably  be  supposed,  therefore,  that  every  effort  was 
made  in  order  to  obtain  this  substantial  assistance.  We  are 
informed*  that  the  agitators  confessed  their  inability  to  make  any 
noticeable  impression,  and  realised  the  utter  impossibility  of  removing 
the  vast  herds  of  game  which  tenant  the  country. 

We  are  more  concerned  in  safeguarding  the  interests  of  those 
fly-free  districts  where  trypanosomiasis  is  not  yet  known  to  be 
endemic;  that  is  to  say  the  areas  of  North-Eastern  Rhodesia  referred 
to  already  as  Fort  Jameson,  the  Tanganyika-Nyasa  Plateau  and 
Serenji ;  the  areas  south  of  the  River  Kafue,  the  Barotse  and  Masha- 

Private  communication  from  Fort  Jameson. 
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kalumbue  countries,  and  other  localised  parts  in  North-Western 
Rhodesia,  together  with  the  healthy  parts  of  British  South  Africa. 

We  fully  realise  the  issue  at  stake,  its  predominant  importance, 
and  the  difficulties  to  be  contended  against,  especially  the  local  or 
individual  considerations  which  must  be  respected.  In  brief,  the 
suggestions  offered  are  set  out  below,  and,  since  the  native  does  but 
little  cattle  trading  except  with  Europeans,  and  this  is  now  piohibited, 
they  are  drawn  up  as  regards  bona-fide  settlers  and  stock  owners. 

I.  The  first  essential  is  to  obtain  maps  with  the  distribution  of 
all  species  of  Glossina  and  the  occurrence  of  the  disease,  made  to  the 
satisfaction  of  the  local  officials  in  concert  with  representatives  of  the 
local  stock  owners.  A  central  committee  in  each  territory,  which 
should  include  the  Chief  Veterinary  Officer  and  delegates  of  the 
stock-owning  community,  would  proceed  to  divide  the  territory  into 

the  two  heads  ‘  Infective  ’and  Clean. 

Under  Infective  would  be  marked  all  areas  permanently  inhabited 
by  Glossina  of  any  species  and  a  zone  of  not  less  than  five  miles 
surrounding,  and  all  places  without,  if  any,  where  the  disease  may 

be  considered  endemic. 

Clean  would,  in  general,  be  ‘  fly  free  ’  areas. 

2  All  equines  and  bovines  resident  within  the  infective  areas 
as  at  outlying  Government  posts,  farms,  mines  and  missions,  shoud 
be  branded  in  a  distinctive  manner,  and  a  register  of  all  such  animals 
containing  a  full  description  and  all  marks  of  identification,  shou 
be  kept,  and  all  equines  and  bovines  entering  an  infective  area  roni 
without  should  be  similarly  branded  and  registered. 

3  As  soon  as  possible  an  inspection  should  be  made  of  all  stock 
domiciled  within  the  ‘clean’  areas  and  a  certificate  issued  by  the 
Chief  Veterinary  Officer  to  stock  owners  who  have  branded  or  other¬ 
wise  identified  their  animals  in  a  register  to  the  satisfaction  of  t  e 
Inspecting  Officer,  and  whose  animals  are  free  from  this  disease, 
Should  a  case  of  trypanosomiasis  be  detected,  that  area  s  ou  e 
regarded  as  temporarily  infective  and  should  be  placed  in  quarantine. 
By  stock  IS  here  meant  all  equines,  bovines,  sheep,  goats,  swine  and 
dogs,  and  should  also  include  any  wild  mammal  kept  in  captivi  y 
which  at  the  discretion  of  the  Veterinary  Officer  might  be  hel  o 
constitute  a  danger. 
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4.  No  movement  of  any  animal  should  be  permitted  from  an 
infective  to  a  clean  area  save  with  the  sanction  of  a  Veterinary 
Officer,  and  on  no  account  should  any  such  animal  be  allowed  to 
approach  within  400  yards  of  clean  stock. 

5.  All  premises,  herds  or  flocks  of  a  clean  area  m  which  a  case 
of  trypanosomiasis  has  been  found,  and  all  stock  entering  from  an 
infective  area  should  be  placed  in  quarantine,  and  not  allowed  to 
come  within  400  yards  of  any  other  stock. 

6.  Quarantine  should  be  maintained  for  at  least  three  months 
after  entry,  or,  in  ‘  contact  stock,’  after  the  diagnosis  of  the  last 
infected  case.  All  animals  therein  should  be  subjected  to  repeated 
blood  examinations,  gland  puncture  or  sub-inoculation,  and  at  the 
expiration  of  that  term  they  should  be  carefully  registered  and 
liberated  on  a  veterinary  certificate. 

7.  Every  case  of  trypanosomiasis  in  a  clean  area  should  be 
immediately  destroyed  ;  or  in  certain  approved  instances  placed  in 
a  special  segregation  camp  situated  at  least  400  yards  from  all  other 
stock. 

8.  These  suggestions  should  be  so  amended  as  to  permit  of 
respect  being  paid  to  the  legitimate  requirements  of  localities  or 
individuals  ;  as,  for  example,  in  the  case  of  dogs,  which  might,  after 
inspection  and  registration,  be  permitted  to  remain  with,  and  at  the 
responsibility  of  their  owners ;  and  certain  latitude  might  be  per¬ 
mitted  in  the  case  of  cattle,  sheep  and  goats  intended  for  slaughter. 

The  adoption  of  these  suggestions  would,  we  think,  effectually 
prevent  the  introduction  of  trypanosomiasis  into  the  districts  at 
present  believed  to  be  free  from  it ;  and  if  the  definitions  of  infective 
and  clean  areas  were  made  in  consultation  with  the  Governments  of 
South  African  Colonies  and  the  clean  areas  proved  to  their  satis¬ 
faction  to  be  free  from  disease,  there  could  be  no  objection  to  a 
proposal  that  legitimate  trade,  subject  only  to  the  ordinary  re.stric- 
tions,  should  not  proceed  uninterruptedly  with  the  clean  areas  South 
of  the  Zambesi.  At  present,  with  the  existing  conditions  largely 
unknown.  Northern  Rhodesia  as  a  whole  is  regarded  with  a  certain 
degree  of  suspicion,  a  punishment  which  reacts  with  disproportionate 
severity  upon  the  large  cattle  breeders  established  in  healthy  districts. 

A  careful  examination  of  these  suggestions  will  show  they  do  no 
more  than  protect  the  healthy,  and  will  in  no  way  interfere  with 
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existing  trade,  but  are  designed  rather  with  the  object  of  organising 
this,  to  the  best  individual  and  collective  advantage. 

Besides  legislative  interference,  however,  it  is  to  be  urged  that 
stock  owners  should  be  made  acquainted  with  the  full  etiology  of 
trypanosomiasis  as  at  present  known,  and  every  effoit  made  to 
discourage  the  views  previously  held  that  the  tsetse  alone  can  give 
infection  and  that  goats  and  sheep  are  not  attacked.  These  animals, 
and  donkeys,  when  indiscriminately  moved,  may,  owing  to  their 
apparent  health  be  of  greater  danger  to  cattle  ;  and  legislation  should 
carefully  deal  with  them,  for  their  identity  and  registration  will  be 
difficult. 

VI.  THE  TRYPANOSOMES  ENCOUNTERED 

(a)  In  Naturally  Infected  Ruminants 
I.  '  Scotsdale' 

Origin :  At  our  first  examinations.  May,  1908,  of  the  stock  on  a 
farm  known  as  Scotsdale,  some  three  miles  from  Chinsali,  we  found 
four  cattle  out  of  five,  four  sheep  in  eleven,  and  one  goat  in  four  to 
show  trypanosomes.  These  cattle  had  been  brought  from  the 
Loangwa  valley,  and  it  is  possible  they  were  infected  on  the  road, 
for  Gl.  niorsitans  exists  plentifully  on  that  side  of  the  farm.  On 
the  other  hand,  a  calf  born  on  the  place  and  not  exposed  to  this  fly 
was  infected— a  case  which  suggests  the  operation  of  a  local  genus 
such  as  Stomoxys,  which  was  very  prevalent  in  the  kraal  occupied  by 
all  the  stock.  Owing  to  the  owner’s  absence  we  were  unable  to  learn 
much  regarding  the  natural  disease  in  these  animals,  but  it  would 
appear,  from  what  was  adduced,  that  it  passes  unnoticed  in  sheep 
and  goats,  and  lasts  at  least  six  months  in  most  bovines.  On  our 
second  visit,  four  months  later  (August-September),  we  found  that 
only  one  cow  had  died  in  the  interim  ;  the  other  bovines,  excepting 
the  calf,  did  not  appear  much  thinner;  the  sheep  and  goats  still 
retained  their  normal  condition. 

In  May,  two  rats  were  inoculated  intraperitoneally  with  O' 5  c.cm. 
and  I'O  c.cm.,  respectively,  of  citrated  blood  from  two  of  these  cows. 
They  did  not  become  infected.  On  our  subsequent  visit  two  rats 
and  two  guinea-pigs  were  given  intraperitoneal  injections  of  from  3'0 
to  lo'o  c.cm.  of  blood  containing  trypanosomes  (in  one 
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case,  two  to  a  field)  from  three  bovines,  without  result.  The  owner 
had  very  kindly  written,  giving  us  permission  to  take  away  an 
infected  sheep  or  goat  that  the  strain  might  be  carried  to  our  camp 
at  Kambole ;  and  a  sheep  which  showed  trypanosomes  at  both  visits 
was  selected.  We  take  this  opportunity  of  thanking  Mr.  Yule  for 
his  consideration,  without  which  even  the  little  possible  could  not 
have  been  done. 

This  sheep  was  carried  in  an  improvised  hammock  for  ten  days, 
when  it  was  found  to  have  lost  its  condition  and  become  very  weak. 
On  the  twelfth  it  was  in  extremis  and  was  destroyed  (September 
1 2th),  and  S'oc.cm.  of  blood  containing-  trypanosomes  one  to  a  field 
was  injected  into  a  Sheep  No.  i,  which  had  been  purchased  in  a 
healthy  village  and  been  examined  by  blood  and  gland  puncture  on 
three  occasions  with  negative  results.  This  sheep,  which  became 
infected  about  the  eighth  day,  reached  Kambole  on  September  2ist, 
and  served  as  the  source  of  the  strain. 

The  following  is  the  genealogy  of  this  strain :  — 


SCOTSD.VLE  SHEEP 


Mouse 


Rat 


2a 

Grey  rat 


Rat 

Sa 


Guinea-pig  Guinea-pig 
3  7 


Experimental 


Sheep  I 


Guinea-pig  Sheep  \ 
8  (arrived  at 

Pretoria) 


Rat  1 1  Guinea-pig 

15 


Dog  5 
(arrived  at 
Pretoria) 


Rabbit 

(inoculated  at 
Pretoria) 


Goat 


The  inoculations  here  described  are  those  carried  out  with  the 
original  Scotsdale  sheep,  or  its  passage  through  Sheep  i. 

R.\ts. — Two  white  rats  received,  the  one.  No.  2a,  6-o  c.cm.  (24.9.08),  the  other, 
5^1)  S'o  c.cm.  (22.10.08)  intraperitoneally,  of  blood  containing  numerous 
trypanosomes  from  Sheep  i.  One  white  rat.  No.  ii,  received  lo-o  c.cm.  (25.10.08) 
intraperitoneally  from  Sheep  4  (inoculated  from  Sheep  i)  trypanosomes  one  to 
a  field.  None  of  these  rats  became  infected. 
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Guinea-pigs.— Three  guinea-pigs  were  inoculated  intraperitoneally  from 
Sheep  i;  No.  3,  6-o  c.cm;  No.  7,  30-0  c.cm;  No.  8,  20-0  c.cm;  and  one,  iNo.  15, 
with  15-0  c.cm.  from  Sheep  4-  None  of  these  became  infected. 

A  Wild  Mouse  (Sp.  ?)  received  0-4  c.cm.  subcutaneously,  and  a  Grey  Rat 
3-0  c.cm.  intraperitoneally  from  Sheep  i.  The  mouse  escaped  on  the  i8th  day, 
ini  had  not  up  till  then  shown  trypanosomes.  Ihe  rat  was  under  observation  for 
two  months  and  trypanosomes  were  never  seen. 

Radbit.— We  were  unable  to  utilise  rabbits  in  Rhodesia,  but  on  arrival 
in  Pretoria  a  rabbit  was  inoculated  intraperitoneally  with  S’O  c.cin.  citrated  blood 
o  Sheep  4.  Trypanosomes  appeared  on  the  seventh  day  J  urther  observations 
Tre  necessary  to  determine  the  constancy  of  this  reaction  m  rabbits  but  there  is 
no  reason  to  consider  that  any  contamination  of  this  strain  had  been  effected 

during  the  journey. 

ryoG  4  —An  adult  ‘  Kaffir  ’  dog  was  inoculated  intraperitoneally  on  October 
,.„d  .J:  with  .0-0  c.cm,  cttated  blood  of  Sheep  The  temperalme  beca», 

irteeular  ftom  the  eighth  day  and  reached  103-6  on  the  evening  of  the  thirteenth, 
during  the  daily  eitaminations  to  November  .5th  no  trypanosomes  were  ever  seen 
“then  in  the  peripheral  blood  or  on  gland  puncture,  and  the  dog  remained  health, 
iraDoearance  On  November  a-th  one  trypanosome  was  seen  in  a  «.inch  covo- 
gjaS  preparation.  From  that  date  to  January  noth,  at  Pretoria,  they  were  not 

again  seen.  _  ,  ,, 

Sheep— A  naturally  infected  sheep  was  presented  to  the  Expedition  by  ilr, 

T  B  ?ule  of  Scotsdale  and  constituted  the  origin  of  this  strain.  It  was  in 
air  conditimr  at  the 'time  of  leaving  Scotsdale.  but  rapidly 

travelling,  though  carried  in  a  hammock,  and  was  destroyed,  when  exlremts, 
on  September  12th. 

Sheep  i. -September  12th,  1908,  inoculated  subcutaneously  with  S'o  cxm^ 
blood  direct  from  the  original  animal.  Organisms  appeared  about  the  ei^bth 
niv  It  was  carefully  carried  to  our  camp  at  Kambole  and  on  arrival  there 
September  send,  showed  trypanosomes.  The  temperature  was  elevated  an 
irrLular  and  did  not  show  the  striking  picture  manifested  by  a  chart  the 
Broken  Hill  T.  dimorihon.  Organisms  were  present  daily  'fom 

and  were  then  absent  for  ten  consecutive  days,  reappearing  on  October  11  h.  Fr 
October  1st  the  temperature  assumed  a  much  more  irregular  type  which 
persisted  to  October  23rd  when  the  animal  died  of  septic  pleuro-pneiimoma. 

Sheep  4 -October  loth,  1908.  Inoculated  intraperitoneally  with  30-0  c.cin 
citrated  blood  of  Sheep  i.  This  large  dose  was  given  as  trypanosomes  had  no 
been  seen  for  ten  days. 

Organisms  appeared  on  the  sixth  day  and  have  been  almost  constantly 
present  since,  though  always  in  small  numbers,  it  being  rare  to  see  n,any  a 
one  to  the  field,  more  commonly  one  to  five  or  ten  fields  being  n 

The  temperature  showed  little  abnormality,  and  no  paroxysmal  tendency. 

This  sheep  (‘long-eared’)  was  carried  to  Pretoria  where  it  is  under  the  care 
of  Dr.  Theiler  who,  under  date  of  April  26th,  writes  that  it  is  still  alive. 

Goat  a.-Inoculated  subcutaneously  with  5-0  c.cm.  ^h^P 

22nd  The  temperature  suddenly  rose  to  105-7°  the  evening  of  the  tenth  day,  an 

:rp'«„rir„g  =rt:r„b::vver;Tr '^mV^ 

susceptible  on  the  twenty-second  day. 
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The  following  inoculations  were  made  from  other  animals  at 
'  Scotsdale  ’ ;  it  is  believed  that  the  trypanosome  is  the  same. 

From  Cow  A. 

May,  1908  :  White  rat  0-5  c.cm.  intraperitoneally. 

August,  190S:  White  rat  3-0  c.cm..  Guinea-pig  5-0  c.cm.,  intraperitoneally 
No  infection  resulted. 

From  Cow  B. 

May,  1908:  White  rat  i-o  c.cm.  intraperitoneally. 

August,  190S:  White  rat  5-0  c.cm.  intraperitoneally. 

No  infection  resulted. 

FKO.M  C.A.LF. 

August,  1908:  Guinea-pig  lo-o  c.cm.  intraperitoneally. 

No  infection  resulted. 

At  oul  filst  visit  to  Chinsali,  the  position  of  which  with  regard 
to  Gl.  morsitans  has  already  been  discussed,  two  cows  in 
a  herd  of  nine  adults  were  found  infected.  No  reliable  history 
regarding  these  animals  could  be  obtained  owing  to  a  change  of 
Native  Commissioner  and  the  fact  that  no  individual  records  are 
kept ,  but  it  IS  possible  that  these  animals  came  from  Mirongo  three 
months  prior  to  our  visit.  Gl.  morsitans  exists  on  that  road. 

These  same  animals  were  again  seen  at  Ikomba  Government 
Farm  in  August  and  September  and  were  still  infected.  The 
drafting  of  these  cases  to  a  healthy  area  is  a  source  of  danger  which 
could  be  avoided;  it  shows  also  the  desirability  of  branding  and 
identifying  all  stock  in  these  areas,  since  it  was  only  by  our  own  notes 
and  enquiries  that  they  were  proved  to  be  the  same  cattle,  and  not 
cases  of  trypanosomiasis  occurring  spontaneously  on  this  Farm. 

The  morphology  of  this  trypanosome  is  identical  with  that  at 
Scotsdale,  and  we  consider  it  probable  that  they  are  the  same  species. 

The  following  inoculations  v.'ere  made  at  Chinsali:  — 

Cow  A. 

May,  1908:  White  rat  0-5  c.cm.  intraperitoneally.  Guinea-pig  2-0  c  cm 
intraperitoneally. 

Cow  C. 

August,  190S :  White  rat  2-0  c.cm.  intraperitoneally.  Guinea-pier  6-o  c  cm 
intraperitoneally. 

In  no  case  did  infection  result. 

At  Kasama,  in  May,  we  found  a  sheep,  which  had  arrived  from 
Lake  Bangueolo  four  days  previously,  showing  trypanosomes  which 
are  morphologically  identical  with  those  occurring  in  the  Scotsdale 
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sheep  and  goat.  One  inoculation  was  made,  O' 5  c.cm.  intraperitone- 
ally  into  a  white  rat,  without  result. 

Morphology  of  the  '  Scotsdale'  Trypanosome 

In  slides  made  from  the  infected  animals  at  Scotsdale,  it  was 
seen  that  the  trypanosomes  in  the  sheep  and  goat  differed 
morphologically  from  those  in  the  cattle,  and  the  occurrence  of  a  dual 
infection  was  suspected.  From  the  observations  on  Sheep  I,  how¬ 
ever,  it  was  shown  that  there  are  variations  of  the  same  parasite. 
We  may  commence  with  a  description  of  the  forms  seen  in  this 
animal. 

A.  'Long  form'.  In  fresh  preparations  the  parasite  is 
relatively  active,  crossing  the  field  with  a  steady  undulating  move¬ 
ment  of  the  flagellar  extremity,  a  passage  easily  followed  and  one 
creating  but  little  commotion  among  the  corpuscles.  When  arrested 
the  movements  become  more  vibratory.  On  no  occasion  was  the 
activity  manifested  by  J.  vivax  exhibited. 

In  stained  preparations  We  employed  Giemsa’s  solution  during 
the  earlier  part  of  our  work,  but  later  used  Leishman’s  stain  freshly 
prepared  in  methyl  alcohol  from  the  powder  made  by  Griibler.  This 
did  not  appear  to  deteriorate  as  did  Giemsa’s  solution,  although  this 
had  been  taken  out  in  small  lO'O  c.cm.  bottles. 

This  trypanosome  measured  from  20' 5  to  25'6  /i  (average 
24'74  /u)  in  total  length,  and  2  to  3  yu  (average  2'7  /i)  in  breadth.  A 
free  flagellum  was  present,  accounting  for  5-5  to  8' 5  //  (average 
6'3  yu)  of  the  total.  The  mean  of  a  series  of  measurements  is  as 
follows :  — 


Extremity  to 
Blepharoplast 

0-85 


Blepharoplast 
to  Nucleus 

6-39 


Nucleus 


Nucleus  to 
body  extremity 

8-0 


Free 

Flagellum 


The  posterior  extremity  is  rounded  or  bluntly  conical ;  cytoplasm 
stained  a  deep  pink  and  is  free  from  granules  or  vacuoles. 
Blepharoplast  round  and  prominent,  situated  about  its  own  length 
from  the  extremity.  Nucleus  compact,  but  not  deeply  stained, 
oval  in  shape,  measuring  approximately  3  x  r8  yti,  and  situated  about 
the  centre  of  the  body.  The  undulating  membrane  is  poorly 
developed,  existing  as  a  narrow  band,  or,  less  commonly,  showing 
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one  or  two  small  folds.  The  flagellar  rim  stains  deeply ;  arising 
from  an  achromatic  area,  it  is  continued  as  a  free  portion  of  up  to 
8-5  yu  in  length. 

B.  ‘Short  forms!  In  fresh  preparations  this  trypanosome  is 
slightly  more  active  than  the  tadpole  of  T.  dimorphon ;  the 
difference,  however,  is  only  appreciable  on  close  comparison. 

Stained,  it  is  indistinguishable  from  the  tadpole  forms  of 
7',  dimorphon.  In  length  it  measures  from  1075  to  I4'8  yu  (average 
13-56  fi),  and  is  from  1-25  to  1-65  yu  in  width.  The  mean  of  a  series 
of  measurements  gives  .-  — 

Extremity  to  Nucleus  to  flagellar 

Nucleus  Nucleus  extremity 

3-94  2-6  7-13 

The  cytoplasm  stains  somewhat  deeply  and  is  free  from  granules  ; 
vacuoles  situated  close  to  the  blepharoplast  were  seen  in  two  or 
three  specimens.  The  blepharoplast  is  small  and  placed  close  to  the 
extremity ;  the  nucleus,  relatively  large,  stains  deeply  and  measures 
from  2'2  5  to  3  yu  in  length  and  from  i  to  1-5  yti  in  breadth.  In  most 
individuals  it  is  oval  or  drawn  out,  but  in  some  it  was  almost  rounded. 
There  is  practically  no  undulating  membrane ;  and  these  forms  are 
devoid  of  any  free  flagellum. 

The  original  sheep  of  this  strain  when  examined  in  May,  and 
from  August  up  to  its  death,  showed  only  the  long  forms.  This 
form  re-appeared  in  Sheep  i  on  inoculation,  and  remained  present 
until  September  30th.  Between  that  date  and  October  loth  no 
trypanosomes  were  seen  in  this  animal,  but  on  their  re-appearance 
they  were  practically  all  of  the  short  tadpole  variety.  A  careful 
examination  of  some  of  our  films  shows  that  in  Sheep  i  prior  to 
September  30th  one  or  two  tadpoles  were  present,  and  a  long  form 
has  been  seen  since  October  loth.  In  the  sub-inoculation  made  on 
what  proved  to  be  the  last  day  of  the  period  of  absence,  the  tadpole 
form  re-appeared  in  Sheep  4,  and  is  the  form  which  was  present  at 
the  last  examination  in  Pretoria,  January  20th. 

The  other  sheep  and  the  goat  at  Scotsdale,  and  the  sheep  at 
Kasama,  showed  the  long  form ;  but  an  occasional  tadpole  was 
seen ;  in  the  cattle  at  Scotsdale  and  Chinsali  none  but  tadpoles  were 
found  in  the  peripheral  blood. 
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In  Goat  2  and  the  Pretoria  rabbit,  tadpoles  appeared  ;  and  the  one 
trypanosome  seen  in  a  fresh  preparation  from  Dog  5  was  also  of  this 

variety. 

Diagnosis 

It  may  be  questioned  if  these  two  forms  are  really  of  the  same 
species.  We  think  they  are.  Whether  inoculations  were  made  with 
tadpole  or  long,  the  results  in  white  rats  and  guinea-pigs  were 
invariably  negative.  Both  forms  existed  at  a  farm  where  all  animals 
were  herded  together  and  where  an  autochthonous  case  is  believed 
to  have  occurred ;  *  and  examples  of  both  varieties  have  been  seen 
in  films  where  one  or  other  preponderated.  Further,  the  history  of 
Sheep  I,  which  we  consider  was  ‘  clean  ’  at  the  time  of  inoculation, 
indicates  a  change  in  morphology  rather  than  a  re-infection  at  our 
camp,  situated  nearly  200  miles  from  the  only  locality  in  which  a 
trypanosome  non-pathogenic  to  small  animals  was  seen.  That  the 
tadpole  was  not  T.  dimorphon  is,  we  think,  clearly  indicated  by  the 
failure  to  infect  rats  and  guinea-pigs  with  doses  of  10  to  30  c.cm.  of 
blood  showing  trypanosomes. 

In  morphological  characters  the  ‘  long  form  is  almost  indis- 
guishable  from  T.  vivax  and  T.  cazalboui ;  it  is  certainly  less  actively 
motile  than  the  Broken  Hill  T.  vivax,  but  no  reliance  should  be 
placed  on  such  a  variable  quality.  No  reference  has  been  made  by 
Ziemann,  Laveran  or  other  writer  on  this  species,  to  the  occurrence 
of  any  form  recalling  the  tadpole  dimorphon  in  naturally  infected 
or  sub-inoculated  animals ;  Laveran  has  had  a  unique  opportunity 
of  observing  such  forms  did  they  occur  in  T.  cazalboui. 

The  tadpole  forms  correspond  by  morphology  and  animal  reaction 
to  the  original  descriptions  of  T.  nanum  given  by  Laverant  and 
Balfour,!  and  to  that  of  Wenyon,§  who  appears  to  have  regained 
this  species  in  the  Anglo-Egyptian  Soudan.  The  last  named  writer 
has  also  described  ‘  long  ’  forms  of  ‘  about  20  5  of  which  are 

taken  up  by  the  free  flagellum,’  and  in  fig.  39  shows  forms  which 
by  their  rounded  posterior  extremity,  situation  of  the  blepharoplast. 


*  Vide  page  333. 

t  Laveran.  C.  R.  Sop.  Biol.,  1905,  Vol.  LVII,  pp.  292-294. 

X  Balfour.  Second  Report  of  the  Wellcome  Laboratory,  1906,  p.  122. 
§  Wenyon.  Third  Report  of  the  Wellcome  Laboratory,  1908,  p.  I37' 
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and  development  of  the  undulating  membrane,  recall  the  ‘  long  ’  form 
which  vve  figure  in  plate.  We  assume  from  Wenyon’s  remarks*  that 
both  ‘  short  ’  and  ‘  long  ’  occurred  simultaneously,  but  it  is  to  be 
regretted  that  a  more  detailed  account  of  these  experiments  and 
observations  was  not  published.  The  possibility  of  a  mixed  infection 
in  a  given  animal  is  manifest  in  a  trypanosome-infected  continent 
like  Africa,  from  which  already  T.  gambiense,  T.  evansi,  T.  briicei, 
T.  equiperdum,  T.  dimorphon,  T.  vivax,  T.  nanum,  T.  congolcnse, 
T.  cazalhoui,  T.  pecaudi,  and  T  sudanense\\^.\Q.  been  announced  in 
domestic  animals.  Still  greater  is  the  possibility  of  more  than  one 
species  occurring  in  any  given  herd  ;  one  has  but  to  review  the  recent 
publications  from  French  West  Africa  to  appreciate  this  fact,  and 
our  own  observations  at  Broken  Hill  and  at  Kambole  teach  the 
necessity  of  keeping  distinct  genealogical  records.  It  is  easy  to 
assume  the  identity  of  the  trypanosomes  in  the  case  of 
two  animals  infected  with  such  morphologically  similar 
trypanosomes  as  tadpole  T.  dimorphon  (sensu,  Dutton  and  Todd, 
1903),  and  tadpole  T.  nannm  {sensu,  Laveran  and  Balfour,  1905). 
Rats  are  inoculated  with  the  latter  with  negative  results ;  from  the 
former  an  inoculated  .sheep  is  used  for  all  subsequent  work,  the 
results  of  which  are  directly  opposed  to  those  previously  obtained, 
and  the  inevitable  sequel  is  that  considerable  confusion  occurs  in 
the  literature. 

The  precision  and  lack  of  confusion  regarding  trypanosomes 
which  have  been  studied  in  Europe — trypanosomes  taken  there  in 
individual  animals — or  in  Africa  where  morphology  and  diagnosis 
has  been  effected  by  the  animal  reactions  of  the  strain  from  one 
animal  alone  (e.g.,  the  original  T .  nanum  and  some  trypanosomes  of 
the  Sleeping  Sickness  Commission  in  Uganda),  contrast  forcibly  with 
the  chaotic  state  of  the  literature  concerning  other  African  trypano¬ 
somes  to-day. 

T .  nammi  was  constituted  on  the  morphological  observations  of 
Laveran  and  the  animal  reactions  noted  by  Balfour.  To  be  identified 
with  this  species,  a  trypanosome  must  conform  to  these  original 
descriptions  whatever  additional  features  are  brought  to  light  by 
subsequent  investigations. 

*  We  have  had  the  privilege  of  examining  some  of  Dr.  Wenyon’s  specimens. 
The  long  form  which  we  describe  is  morphologically  different. 
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Rigorous  rules  cannot  be  laid  down  for  the  nomenclature  of 
trypanosomes ;  but,  in  general,  it  may  be  admitted  that  T.  nanum  is 
short  and  tadpole-like,  from  10  to  14  /^,  and  is  relatively  innocuous 
to  laboratory  animals.  A  strain  virulent  to  all  would  cease  to  be 
T.  nanmn.  It  is  therefore  to  be  hoped  that  more  details  of  the 
strain  with  which  Balfour  infected  gerbils,  and  Wenyon  infected  dogs 
from  which  a  gerbil  was  successfully  inoculated,  will  be  published. 
They  were  derived  from  different  sources,  a  mule  at  Wau  and  a  heifer 
at  Sobat ;  but  we  do  not  know  whether  it  is  from  the  same  animals 
that  the  fourteen  out  of  fifteen  rats  were  inoculated  without  result.* 

We  write  with  the  sole  idea  of  analysing  the  present  references  to 
T  nanum,  and  to  point  out  that  it  is  with  the  original  descriptions  of 
this  species  that  we  associate  the  ‘  Scotsdale  ’  trypanosome,  and  that 
we  have  noted  the  same  morphological  variations  as  has  Wenyon. 
It  will,  however,  be  necessary  to  verify  the  reaction  in  the  rabbit  at 
Pretoria  as  being  due  to  the  uncontaminated  original  strain,  and  to 
show  that  it  is  there  still  relatively  innocuous  to  laboratory  animals 
before  accepting  that  the  strain  Sheep  4  is  that  with  which  the  above 
experiments  were  carried  out. 


2.  Kambole  Strains 


Kambole  is  the  name  of  a  Mission  Station  situated  on  the  high 
land  above  Lake  Tanganyika  and  the  Lovu  River,  and  some  fifty 
miles  West  of  Abercorn.  It  was  selected  as  suitable  locality  for  an 
experimental  camp  owing  to  the  fact  that  both  Gl.  pal  falls  and 
Gl.  morsitans  could  be  caught  within  a  few  miles.  One  of  us  arrived 
there  early  in  August,  the  other  during  the  third  week  in  September. 
Until  our  sudden  departure  for  Europe  on  November  15th,  we  had 
an  opportunity  of  studying  the  trypanosomes  in  the  mission  cattle 
and  of  comparing  them  with  the  other  strains  we  had  accumulated. 
Only  elementary  diagnostic  work  was  possible,  owing  to  the  great 
scarcity  of  small  animals :  our  object  was  rather  to  maintain  the 
strains  so  that  they  could  be  brought  home,  and  at  the  same  time 
arrive  at  some  idea  as  to  the  nature  of  the  trypanosomes  encountered 


*  Dr  Wenvon  has  kindly  given  us  some  unpublished  particulars  of  his  wor 
on  th£  try^Some.  They ^in^hcate, forcibly  that  wHle^ra.  are 


Ssef  a  3Tp°ec-est  dogT^nd^^mbils  may  readily  take  infection, 

cases  these  animals  were  inoculated  from  the  same  infected  bea  . 
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and  their  ‘  animal  reactions,’  that  they  might  be  of  service  in  the 
transmission  experiments  we  contemplated. 

The  history  of  the  cattle  on  this  station  is  of  interest.  Between 
1896,  when  the  Mission  was  established,  and  1905,  cattle,  sheep,  goats 
and  pigs  aie  reported  to  have  done  exceedingly  well.  In  1905  the 
herd  of  nearly  60  head  was  divided,  half  going  to  the  Luapula  River 
where  they  have  since  done  well,  the  others  remaining  at  Kambole! 
The  owner  of  the  latter  half  was  away  in  May  and  June  of  this  year 
and  SIX  weeks  after  his  return  (i.e.  August)  the  cattle  commenced  to’ 
die,  and  twenty  were  lost  before  Christmas.  In  1906  four  deaths  are 
remembered,  in  1907  six,  and  up  to  our  visit  in  1908  seven  had  died 
Several  additions  to  the  herd  had  been  made  by  movements  from 
other  stations  of  the  same  Missionary  Society,  e.g.,  Niamkolo  and 
Kawimbi,  bringing  the  number  of  adults  present  at  the  time  of 
examination  up  to  15.  Of  these  six  were  infected.  The  herdman 
who  brought  the  original  stock  from,  the  North  end  of  Lake  Nyasa 
m  1896  IS  still  at  Kambole,  and  he  is  unable  to  offer  any  explanation 
as  to  vvhy  cattle  did  so  well  and  Nvere  free  from  disease  up  to  1905, 
and  have  since  died  in  such  numbers.  He  avers,  and  the  local  natives 
support  Inm,  that  these  cattle  have  always  grazed  on  the  same  areas, 
and  that  ‘  tushembe  ’  was  always  to  be  found  if  the  animals  wandered 
far.  Unfortunately  the  name  ‘  tushembe  ’  is  applied  here  to  all  biting 
flies,  and  the  natives  do  not  recognise  or  distinguish  Glossina,  for 
which  this  vernacular  word  is  usually  restricted.  It  is  possible  that 
an  extension  of  tsetse  may  have  occurred  without  notice.  At  the 
present  time  Gl.  morsitans  may  be  taken  within  three  or  four  miles 

to  the  West,  and  wandering  flies  were  captured  on  the  Mission  during 
our  stay  near  there. 

Two  of  the  infected  cattle — ‘  Balungu  ’  and ‘Nmamwenda  ’ — -were 
selected  for  the  isolation  of  the  strains,  since  the  morphological 
appearances  of  their  trypanosomes  sho\ved  some  points  of  difference. 

A.  ‘  Balitngu  ’  strain. 

This  six-year-old  cow  wms  born  at  Kambole.  She  showed  the 
hide-bound  dejected  appearance  of  a  chronic  case,  with  slightly 
anaemic  membranes  and  enlarged  superficial  lymphatic  glands,  but  no 
oedemata.  She  was  examined  on  five  occasions,  trypanosomes  being 
present  m  the  peripheral  blood  on  each,  and  she  was  destroyed 


werr. 
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in  extre^nis  on  November  7th,  igo8,  having  been  sick  for  approxi¬ 
mately  nine  months. 

Autofsy.  All  subcutaneous  tissues  were  pale  and  somewhat  dropsical.  The 
superficial  glands  were  considerably  enlarged  and  oedematous.  The  abdominal 
cavity  contained  a  slight  excess  of  deep  citron-coloured  fluid.  The  peritoneal 
covering  of  the  rumen,  reticulum,  spleen  and  areas  of  the  intestine  was  studded 
with  petechiae,  in  parts  congregated  into  patches  two  inches  in  diameter.  The 
mesentery  was  infiltrated  with  a  gelatinous  material.  ihe  liver  was  slightly 
conge.sted;  the  gall-bladder  distended  and  contained  over  900  c. cm.  of  reddish  walerr- 
bile.  The  spleen  was  somewhat  enlarged,  the  surface  studded  with  petechiae,  the 
pulp  dark  and  friable,  and  Malpighian  bodies  prominent. 

There  was  no  excess  of  fluid  in  the  thoracic  cavity  or  pericardial  sac.  Slight 
lobar  congestion  and  emphysema  of  both  lungs.  The  heart,  pale  and  very  flabby, 
.showed  fatty  degeneration;  the  base  was  surrounded  by  a  quantity  of  gelatinous 
material  replacing  all  fat. 

The  mesenteric  and  mediastinal  lymphatic  glands  were  enlarged  and 
oedematous  and  some  of  them  were  congested. 

The  following  is  the  genealogical  record  of  this  strain  :  — 

BALUNGU 


Rat  Guinea-pig 

7  5 

Guinea-pig 

9 

Dog 

-> 

0 

1 

Sheep  5  Dog  Goat 

(arrived  at  8  5 

Pretoria) 

Guinea-pig 
>  + 

Dog 

/5 

(arrived  at 
Pretoria) 

Experimenlal  infect  ion 

Hat  7. — Considering  it  possible  we  might  be  dealing  with  ‘  .Scotsdale’ 
Strain,  10  c.cm.  blood  of  naturally  infected  cow  was  inoculated  intraperitoneally 
into  this  animal,  on  October  23rd.  Negative  on  the  29th;  trypanosomes  were 
seen  on  November  ist  and  remained  present  until  death  on  November  loth— 17 

days. 

rrUiNEA-PiG  i;. — October  8th,  1908.  Inoculated  intraperitoneally  with  5  c.cm. 
blood  of  naturally  infected  cow.  Almost  daily  examination  up  to  November  10th 
failed  to  reveal  any  infection,  so  the  animal  was  re-inoculated  on  this  date  with 
about  2-0  c.cm.  heart  blood  of  Rat  7  just  dead.  Trypanosomes  were  seen  on 
November  23rd,  the  first  examination  since  November  13th,  and  were  present  at 
succeeding  observations  till  death  on  December  12th. 

Guinea-pig  9. — Owing  to  the  initial  failure  to  obtain  infection  in  Guinea-pig 
5,  this  animal  received  lo-o  c.cm.  intraperitoneally  on  October  23rd.  Trypanosomes 
first  seen  November  ist;  they  were  not  seen  on  the  5th  or  7th,  but  thereafter 
were  constantly  present — but  always  in  small  numbers,  2  in  of  a  cover  inch) 
being  the  maximum  noted  until  a  week  prior  to  death,  which  took  place  on 
December  4th  {41  days),  when  t/hey  became  more  numerous,  up  to  two  per  field, 
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Guinea-pig  i4.-December  12th.  Inoculated  intraperitoneally  with  o-c  ecu 

s  n;:  sr' "  “  f  r 

accelerated  by,  if  not  due  to  a  vegetable  poisouiug  whicra’cco"  Medio  ^h^fola 
of  three  other  guinea-pigs  the  following  day. 

DOG  3.-October  8th,  1908.  Inoculated  intraperitoneally  with  s'o  c.cm  blood 
of  Halungu.  I  he  temperature  rose  to  102°  on  the  fourfh  day.  and  cltinued 
slightly  elevated  between  102°  and  103°.  with  few  excepLus.  to  death 
Trypanosomes  appeared  i  in  14  cover  on  the  eighth  day.  and  remained  preseni 
in  small  numbers,  ,  in  10  fields  being  the  maximum,  up  to  November  i,th  then 

r,  "“IIS. " — «.b  da!; 

Dod  8.— October  gtst.  Inoculated  subcutaneously  with  ro  c.cio.  blood  of 
Halungu.  demperature  rose  almost  immediately  to  .os”  and  continued  irre-ula 
so  long  as  tt  was  taken.  Trypanosomes  were  never  seen  in  the  blood,  but  glald 
puncture  on  the  toth  and  ,pth  day  after  inoculation  showed  them  to  be  prescM 
Death  took  place  on  December  4th  (35  days)  from  pneumonia.  Trypano.oLs 
could  not  be  demonstrated,  and  the  spleen  was  normal  '  ^ 

dog  is.-November  asth.  Inoculated  subcutaneously  with  3.0  c.cm  heart 

blctod  of  Dog  3  JU.S  dead.  Trypanosomes  were  never  seen  in  the  blood  or  gland 
juice  of  this  animal  up  to  his  arrival  in  Pretoria.  ^ 

hlnofrrp  intraperitoneally  with  6-o  c  cm 

blood  of  Balungu.  Trypanosomes  were  seen  i  in  i  cover  on  the  sixth  day  and 

were  subsequently  found  in  small  numbers  (i  in  i  on  one  occasion  only)  The 
temperature  showing  indications  of  the  Broken  Hill  type,  but  les! 

taken  to  Pretoria,  and  was  still  livinfon  January 
23rcL  Dr.  Theiler  informs  us  on  April  26th,  1909,  that  this  sheep  h!s  since  died 

fbl  ^'^0^'^tated  subcutaneously  with  ro  c.cm.  blood 

of  Balungu.  The  temperature  rose  steadily  and  reached  106-4°  on  the  evening  of 
the  eighth  day  and  continued  irregular.  Trypanosomes  were  not  seen  in  ^he 
peripheral  blood  until  the  14th  day  (i  in  cover);  they  had,  however,  been  seen 

was  LS.'  destroyed  when  the  infection 


Morphology  of  '  Balungu  ’  irypano  some. 

The  trypanosomes  seen  in  the  original  cow  and  the  sub-inoculaled 
animals,  rat,  guinea-pigs,  dogs,  sheep  and  goat,  are  of  the  same 
appearance.  They  correspond  closely  with  the  tadpole  form  of 
T.dimorphon  (Plate  IV,  fig.  3). 

In  fresh  preparations  the  movements  are  localised  to  the  field,  and 
are  not  very  active. 

In  stained  preparations  the  length  varies  from  io-2  to  16-3  fx 
(average  13  ^),  the  larger  being  divisional  form,  and  the  breadth  from 
I'O  to  2-2  ,x  (average  1-5).  The  following  15  the  mean  of  a  series  of 

measurements :  — 


Extremity  to 
Nucleus 


Nucleus  to  flagellar 
Nucleus  extremity 

2-07  6-o8 


4-93 
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The  blepharoplast  is  not  quite  terminal  (o'5  to  ro  fi  from  the 
end) ;  the  nucleus  is  oval  or  compressed,  and  is  placed  rather 
towards  the  posterior  extremity.  The  undulating  membrane  is  rudi¬ 
mentary,  and  there  is  no  appreciable  free  flagellum.  The  posterior 
extremity  is  rounded  or  bluntly  conical.  The  cytoplasm  is  commonly 
homogeneous,  but  in  some  slides  a  considerable  proportion  show  a 
clear  area  (?  vacuole)  near  the  blepharoplast,  whilst  many  exhibit 
a  few  fine  chromatic  granules  between  the  blepharoplast  and  the 
nucleus.  The  greatest  width  is  posterior  to  the  nucleus. 


Diagnosis 

From  its  morphology  it  is  quite  evident  that  this  trypanosome  is 
not  related  to  the  evansi  group  ;  and  by  its  pathogenicity  to  small 
animals  it  is  separable  from  the  vivax  group,  and  consequently  from 
T.  nannm,  though  on  morphological  grounds  alone  it  would  be 
impossible  to  distinguish  it  from  the  tadpole  forms  of  this  latter. 

According  to  our  rough  grouping* * * §  it  would  fall  under  the  head  of 
dimorfhon,  here  containing  the  three  named  forms  T.  dimorphon, 
T.  congolense,  and  T.  pecaiidi.  Owing  to  the  entire  absence  of  long 
free-flagellated  forms,  and  the  accompanying  broad  individuals  with 


well-developed  undulating  membrane,  the  last  named  may  be 
excluded.  We  have  then  to  discuss  the  properties  of  T.  dimorphon 
and  T.  congolense,  the  only  remaining  named  species,  and  to  ascertain 
to  which  the  organism  from  Balungu  most  closely  approximates.  It 
is  to  be  noted  that  the  ‘  animal  reactions  ’  in  all  these  are  closely 
similar. 

According  to  the  original  descriptions  of  Dutton  and  Todd,t 
T.  dimorphon  occurs  in  at  least  two  forms  : — (i)  a  tadpole  similar  to 
that  which  we  have  just  described,  and  (2)  a  long  form  carrying  a  free 
flagellum.  Intermediate  forms,  termed  stumpy,  may  also  be  found. 

This  parasite  was  found  in  the  Gambia,  where  ten  horses  were 
detected  as  suffering  from  trypanosomiasis.  Of  these,  four  were  used 
for  experimental  observation — Cases  i,  5,  6  and  9.  Case  6  was 
brought  to  England  and  served  for  the  experimental  work  carried  out 
by  Thomas  and  Breinlf  and  by  Laveran  and  Mesnil.§  Practically  all 


*  Montgomery  R.  E.  and  Kinghorn,  A.  Ann.  Trof.  Med.  Parasitol .,  1909,  If 

5.  PP-  333-344-  ^  ^  .  ,7  1  V 

t  Dutton  and  Todd.  Thomfson  Yates  and  Johnston  Lab.  Reforts,  1903,  Vol.  v. 

-^TUnmne  anH  Rre.inE  Thomi)son  Yates  and  Johnston  Lab.  Re-ports,  loo?,  Vol. 
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Dutton’s  and  Todd’s  work  was  conducted  on  Case  i,  the  strain  from 
which  was  not  used  in  Europe,  and  it  is  from  this  animal  that  the 
raicrophotographs  (Plate  IV,  figs.  2  and  3  of  their  Report),  which 
clearly  show  the  ‘  stumpy  ’  and  the  free-flagellated  ‘  long  ’  forms,  were 
made.  We  elsewhere  analyse  the  published  evidence  on  this  question  ; 
here  it  is  sufficient  to  say  that  we  consider  it  highly  probable  that 
Horses  i  and  6  were  infected  with  distinct  trypanosomes,  one  of 
which  (Plorse  i)  was  the  original  host  of  T.  dimorphon.  The  other 
(Horse  6)  is  the  original  host  of  that  parasite,  which  we  have 
designated  T.  confuswn,  which  at  Liverpool  and  Paris  has  been 
accepted  as  T.  dintoT phon  that  had  undergone  a  peculiar  morpho¬ 
logical  transformation.  We  hold  that  we  have  recovered  T. 
dimorphon  at  Broken  Hill,  thereby  reducing  the  strength  of  an 
argument  that  Dutton  and  Todd  were  concerned  with  an  infection 
by  such  a  trypanosome  as  that  now  known  as  T .  pocciud z,  or  were 
misled  by  a  mixed  infection.  We  consider  that  our  work  at  Broken 
Hill  may  be  considered  to  substantiate  the  species  in  conformity  to  the 
original  description. 

For  a  trypanosome  to  be  regarded  as  T.  dimorphon  it  is  necessary 
that  it  be  shown  to  develop  a  free  flagellum.  From  the  observations 
of  Dutton  and  Todd  in  the  Gambia,  and  ourselves  in  Northern 
Rhodesia,  it  would  appear  that  small  experimental  animals  are  best 
suited  for  this  purpose.  ‘Long’  forms  were  produced  in  all  five 
of  our  guinea-pigs,  and  in  three  out  of  five  white  rats  inoculated  with 
this  strain  of  trypanosome  in  its  first,  second  and  third  passages. 

In  one  rat,  three  guinea-pigs  and  two  dogs  infected  by  the 
‘Balungu’  strain,  we  failed  to  notice  the  development  of  a  free 
flagellum,  or  even  the  occurrence  of  forms  corresponding  to  the  ‘  long 
form  ’  of  Laveran  and  Mesnil.  The  longest  specimen  we  measured 
was  1 6' 3  fi.  The  evidence  is  negative,  but  with  such  as  it  is  we 
cannot  identify  this  trypanosome  with  T.  dimorphon.  It  then  falls 
into  the  group  represented  by  T.  confusum  (T.  dimorphon  of  Paris), 
and  T.  co^igolense.  Laveran*  has  drawn  attention  to  the  differences 
between  these  species.  He  writes  '  Au  point  de  vue  morphologique, 
'Tr.  congolense  differe  de  Tr.  dimorphon.  Le  premier  de  ces 
‘trypanosomes  mesure  10  a  13  //  de  long,  les  exemplaires  qui 


*  Laveran.  .Annales  de  I'hi.'itit.  Past.,  1908. 
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'atteignent  15  /i  a  17  de  long  sont  fort  rares ;  Tr.  dimorpkon 
‘  presents  an  contraire,  dans  les  cas  types,  un  melange  de 
‘  petites  formes  (10  /u  a  15  de  long)  et  de  grandes  (22  m  de  long  en 
‘  moyenne).  .  .  .  Mais  Tr.  dimorfhon  ne  se  presente  pas  toujours 

'  sous  ses  formes  typiques.  Dans  certaines  infections  dues  a  Tr. 

‘  dirnorphon,  les  grandes  formes  sont  rares  ou  tres  rares ,  si  bien  quon 
‘  pouvait  supposer  que  Tr.  congolense  etait  une  variete  de  Tr. 

‘  dimorphon  dans  laquelle  les  grandes  formes  avaient  disparu.  .  .  , 

and  as  further  substantiating  Broden’s  species  he  quotes  the  results 
of  *  cross  inoculations’  by  T.  dimorphon  {T .  conpusunT)  into  animals 
‘  immunised  ’  towards  T.  congolense.  These  observations  on  the 
morphology  are  in  entire  accord  with  those  of  Broden,  who  gives  a 
maximum  measurement  of  I5’5  /«  for  his  species. 

The  name  Trypetnosomu  congolcnss  cannot  then  be  applied  to  a 
form  which  under  the  normal  conditions  of  experimental  observation 
exceeds  about  17  /u  in  length;  it  differs  therefore  from  T.confusum, 
which  may  attain  23  or  24/1  but  which  does  not  develop  a  free 
flagellum,  and  from  T.  dimorphon,  which  in  certain  forms  resembles 
these  two  exactly,  but  which  is  capable  of  developing  a  distinct  free 
flagellum  upwards  of  lO  in  length.  The  parasite  which  Hohnel  has 
described  under  the  name  T.  congolense  would  appear  to  approximate 
more  closely  with  T.  con fu sum. 

The  trypanosome  from  Balungu  has  not  been  seen  to  exceed 
i6'3  /i  ;  until  further  investigation  decides  that  it  is  capable  of 
assuming  larger  dimensions,  m  which  case  our  conception  of  the 
classification  of  this  group  must  be  amended,  we  associate  it  with 
T.  congolense,  sensu  Broden  and  Laveran. 

B.  N inamwenda  strain. 

This  cow  came  to  Kambole  in  August,  190;,  from  the  Niamkolo 
Mission  on  Lake  Tanganyika,  a  place  where  cattle  appear  to  thrive 
and  where  no  sickness  is  recorded.  In  the  rainy  season  of  1907-1908 
she  became  extremely  emaciated  and  lost  practically  all  her  hair,  but 
regained  condition  and  coat  in  the  spring  of  1908.  At  examination 
on  October  ist,  she  was  not  particularly  thin,  and  was  said  to  be 
improving  ;  trypanosomes,  one  in  fifteen  fields,  were  seen,  and  they 


*  Broden.  Raf.  Lab.  Leopoldville,  No.  II,  igo6. 
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were  present  at  each  succeeding  examination  till  our  departure.  The 
owner  and  the  herdsman  considered  her  to  have  recovered  her 
original  good  health,  and  said  she  gave  a  normal  amount  of  milk  and 
nourished  her  calf  well.  The  following  inoculations  were  made  from 
this  animal :  — 


NINAMWENDA 


Mouse  Guinea-pig  Dog 

Sheep 

1 

Sheep  6 

1 

Goat  3 

6  2 

3 

(arrived  in 

(arrived  ir 

Experimental  infection 

Pretoria) 

Pretoria) 

Ox 

2 


Grey  mouse  caught  locally.  Inoculated  October  23rd  with  o'4  c.cm.  direct 
from  Ninamwenda.  No  trypanosomes  were  seen  in  its  blood  up  to  November 
6th,  when  it  escaped. 

No  EATS  were  available  for  inoculation. 

Guinea-pig.  October  8th,  igo8.  Inoculated  intraperitoneally  with  lo-o  c.cm. 
blood  of  Ninamwenda.  Trypanosomes  were  not  seen  at  almost  daily  examinations 
until  November  3rd— the  26th  day.  They  disappeared  for  five  days  then 
returned,  being  present  at  each  subsequent  examination  in  numbers  varying  from 
I  in  %  cover-glass  to  i  in  a  field — an  average  would  be  one  to  eight  or  ten  fields. 
The  animal  maintained  its  condition  well,  despite  the  rough  usage  and  exposure 
on  the  march,  and  was  accidentally  killed  on  January  3rd,  1909.  There  were  no 
abnormal  lesions  on  autopsy,  and  the  body  was  well  nourished  and  fat. 

Dog  2. — October  8th,  1908.  Inoculated  intraperitoneally  with  lo-o  c.cm.  blood 
of  Ninamwenda.  From  the  8th  day  the  temperature  became  irregular  and  jerky, 
and  the  dog  lost  condition,  acquired  a  harsh  coat  and  appeared  depressed.  A 
month  after  inoculation  there  was  considerable  oedema  of  the  sub-maxillary  space 
and  a  catarrhal  discharge  from  the  eyes.  He  died  in  an  emaciated  state  on 
November  29th  (52  days),  without  ever  showing  trypanosomes  in  his  blood  or  on 
gland  puncture.  Post-mortem  showed  only  general  enlargement  of  all  lymphatic 
glands,  and  considerable  oedema  in  the  connective  tissues  of  throat  and  in  the 
body  cavities.  The  spleen  appeared  normal.  No  sub-inoculations  were  possible, 
but  a  careful  search  failed  to  show  trypanosomes  in  any  organ. 

Sheep  3. — An  aged  male.  October  8th,  1908.  Inoculated  subcutaneously  with 
I'o  c.cm.  blood  of  Ninamwenda.  Trypanosomes  first  appeared  on  the  23rd  day 
at  which  time  the  temperature  rose  slightly.  They  were  then  present  daily,  with 
two  exceptions,  till  the  animal  was  destroyed  on  our  leaving  for  home.  They 
were  never  numerous — i  to  two  fields  being  highest  recorded,  and  the  temperature 
was  but  slightly  irregular,  io4‘8°  maximum. 

Sheep  6. — October  23rd,  1908.  Inoculated  intraperitoneally  with  3-0  c.cm. 
blood  of  Ninamwenda.  Trypanosomes,  1  io  %  cover-glass,  were  seen  in  the  iith  day; 
on  the  12th,  13th,  14th  they  were  absent,  but  reappeared  on  the  15th,  from  which 
day  they  were  always  present  in  small  numbers — i  to  10  fields  maximum.  The 
temperature  showed  very  little  irregularity,  and  the  animal  travelled  well, 
reaching  Pretoria  in  January  in  .  good  condition,  and  according  to  Dr.  Theiler’s 
letter  of  April  26th,  was  then  still  alive. 

Goat  3. — About  three  months,  still  with  its  mother.  October  23rd,  1908. 
Inoculated  intraperitoneally  with  3-0  c.cm.  blood  of  Ninamwenda.  One 
trypanosome  was  seen  on  the  19th  day,  but  not  again  during  the  regular 
examinations.  On  the  march  they  were  seen  twice  in  five  observations  and  were 
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nresent  on  this  animal’s  arrival  in  Pretoria.  There  was  no  apparent  loss  in 
condition  and  no  symptoms  were  manifested,  and  this  animal  was  alive  on  April 


0x^2^— ri  years  old.  October  23rd,  1908.  Inoculated  subcutaneously  with 
.-o  c.cm.  blood  of  Ninamwenda.  The  temperature  rose  on  the  eighth  day  to 
102°  and  continued  in  that  neighbourhood  to  the  17th,  when  it  rose  to  105-2“, 
failine  again  on  the  25th  when  temperatures  were  ceased.  Trypanosomes  were 
seen  in  the  blood  on  the  loth  day,  and  were  thereafter  present  daily,  ranging 
from  I  to  3  to  a  field.  Gland  puncture  had  shown  the  infection  three  day.s 
prior  to  their  appearance  in  the  blood.  No  symptoms  were  noticed  in  the 
animal  during  the  three  and  a  half  weeks  of  observation,  and  we  have  received 

no  further  report  as  to  his  present  condition.  1  ,  iv 

At  Pretoria,  inoculations  were  made  from  both  Sheep  6  and  Goa  3.  Dr. 
Theiler  informs  us  on  April  26th  that  from  the  former  animal  both  the  g^mea-pig 
and  the  rabbit  became  infected,  from  the  latter  the  guinea-pig  is  positive,  but  the 
rabbit  is  negative. 


Morphology  of  the  '’Ninamwenda'  Trypanosome 

In  fresh  preparations  the  trypanosomes  from  this  cow  and  also 
from  a  second  (Nakakoti)  were  clearly  distinct  from  those  of  the 
T.  congolense  type  seen  in  Balungu.  They  appeared  as  slightly 
elongated,  egg-shaped  bodies,  moving  across  the  field  with  the 
flagellar  extremity  in  front,  and  rarely  showing  any  movement  of  the 
body,  even  when  held  up  by  corpuscles.  They  easily  traversed  the 
field  of  vision,  but  at  a  rate  at  which  they  were  readily  followed. 

Stained  by  Leishman’s  method,  they  measured  from  ii  to  19/1 
in  length,  the  latter  representing  divisional  forms  (average  14-66  /i), 
and  from  2-9  to  3-75  in  breadth  (average  3-38  y).  The  mean  of  a 
series  of  measurements  is; 

Extremity  to  Nucleus  to  Portion  of  free 

Nucleus  Nucleus  flagellar  extremity  flagellum 

5.45  2-36  5-1  '-7 

(In  Nakakoti)  4-97  ^ 

In  Nakakoti  the  average  width  was  3-58. 

The  blepharoplast  is  almost  terminal  or  up  to  0-8  y  from  the  end. 
The  rounded  or  oval  nucleus  is  almost  centrally  placed.  The  undulating 
membrane  is  represented  by  a  narrow  band  running  parallel  to  the 
body,  being  better  developed  in  the  narrower  forms.  The  rather 
well-defined  rim  is  continued  as  a  bristle-like  projection  of  up  to 
r;  in  length,  hardly  amounting  to  a  flagellum,  but  free  of  ectoplasm. 
The  posterior  extremity  is  rounded  or  very  bluntly  angular,  the 
flagellar  abruptly  drawn  out.  The  cytoplasm  stains  a  deep  pink,  and 
commonly  shows  a  large  and  most  distinct  vacuole  just  posterior  to 
the  nucleus.  Though  not  always  present,  or  not  so  prominent,  this 
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existence  of 


was  of  very  frequent  occurrence,  as  also  was  the 
chromatic  granules  at  both  poles  of  the  nucleus. 

Diagnosis 

The  picture  presented  by  the  trypanosomes  is  striking,  and  dis¬ 
similar  to  all  other  forms;  the  ratio  of  breadth  to  length  (i  •  4)  the 

round  aflagellar  extremity  and  the  narrow  undulating  membrane 
giving  It  a  characteristic  shape. 

On  careful  examination  of  some  slides  (Ninamwenda)  a  few  forms 

are  seen  which  individually  would  be  considered  as  not  unlike  a  broad 

tadpo  e  of  T.  nanmn  or  T.  congolense,  but  they  are  most  exceptional 

(the  smal  est  is  seen  on  Plate  IV,  fig.  i).  In  the  successful 

su  -inoculations  at  Kambole  (gumea-pig,  sheep,  goat,  and  ox)  only  the 

characteristic  broad  forms  were  seen.  Sheep  6  and  Goat  3  were 

taken  to  Pretoria,  where  it  was  found  that  the  latter  was  still  showing 

this  type.  The  trypanosomes  in  Sheep  6  were  identical  morpho 

logically  with  the  tadpoles  of  T.  nanum  or  T.  congolense.  We  are 

quite  unable  to  explain  this  at  present.  The  change  may  be  due  to 

a  natural  alteration  in  the  morphology,  or  to  a  secondary  infection 

acquired  on  the  march  down.  During  the  journey  of  six  weeks  from 

Tanpnyika  to  the  railway  these  animals  were  carried  in  large  fly- 

proof  cages,  so  that  Glossina  may  be  absolutely  excluded.  In  country 

known  to  be  free  from  tsetse  they  were  allowed  out  for  a  short  time 

on  arrival  in  camp  at  night,  and  it  might  be  considered  possible  for 

infection  to  have  then  occurred  ;  or,  as  three  sheep  or  goats  were  taken 

m  each  cage,  it  may  have  resulted  without  liberation.  It  is  hoped  that 

Goat  3  may  serve  as  a  control  to  this  change  :  with  both  animals  in 

retoria,  an  exact  and  exhaustive  comparison  may  be  made  Until 

this  has  been  accomplished  we  hesitate  to  do  more  than  assign  this 

tiypanosome  to  the  group  containing  T.  dimorphon,  and  note  that  in 

he  original  and  all  sub-inoculated  animals  at  Kambole  it  presented 

morphological  features  unusual  in  the  other  members  of  the  group 

eatures  which  if  maintained  in  successive  passages  would  warrant  a 

conclusion  that  this  trypanosome  differs  from  previously  described 
species.* 


of  Mr.  Montgomei7''’'and^Dl-  ^  examined  ihe  preparation.s 

Rhodesian  cow.  ^  Kinghorn,  labelled  ‘  Nnmw.nda  strain,’  coming  from  a 

hirge^que^S^|l"4^^4‘  trypanosome  est  voisin  de  Tr.  congolense  mais  beaucoup  plus 
He^r^oses  ff  X  irvLT  ^Ggit  (encore !)  d'un  espece  nouvJik  ’ 

mav  add  that  Dr  Kin 4  really  a  new  species,  to  call  it  Tr.  montgomervi,  and  I 

.  mat  jjr.  Kmghorn  agrees  to  this  propo.sal.--R.  Ross.  ^ 


Trypanosomes  Occurring  in  Naturally  Infected  Dogs 

A.  The  ‘  Chunga’  Trypanosome. 

Origin.  This  strain  was  derived  from  an  Airedale  bitch  which 
was  brought  North  from  Cape  Colony  at  the  end  of  May.  If  left 
the  railway  on  July  yth.  On  the  5th  August  the  owner,  who  was 
travelling  with  her,  noticed  she  was  getting  rather  weak,  and  that  her 
milk  was  diminishing— -this  was  ascribed  to  the  litter  of  pups  which 
had  been  born  on  July  i8th — but  she  appeared  to  regain  her  condition. 
On  August  27th  an  opacity  of  the  right  cornea  was  noticed,  and 
examination  on  September  4th  at  Chunga  Farm  showed  trypano¬ 
somes. 

Tsetse  flies  {Gl.  morsitans)  might  have  been  encountered  within 
a  few  days  of  the  railway.  They  appear  to  be  constantly  present  in  a 
district  (Mpika)  entered  on  August  ist;  and  it  would  seem  possible 
for  infection  to  have  taken  place  then. 

We  were  informed  that  this  bitch  was  destroyed  in  extremis  on 
September  nth,  a  week  after  diagnosis. 

A  healthy  native  dog  w'as  inoculated  from  this  bitch  and  was 
carried  to  Kambole,  serving  as  the  origin  for  the  experimental  work 
possible  ;  it  was,  however,  rather  our  desire  to  maintain  the  strain  for 
future  investigation  under  suitable  conditions. 

The  following  is  the  genealogy  of  the  strain :  — 

Chunga  bitch 


Dog  I 


Rat  I  Guinea-pig 

4 

Sheep 

2 

Goat 

I 

Ox 

I 

Ox  Guinea-pig 

Dog  Grey  rat 

Goat 

Dog 

Dog  Sheep 

3  12 

II  3 

4 

6 

'3  7 

Dog  17 

Rat  10  (arrived  at 

Pretoria) 

Experimental 

infection 

Rat  I. — This 

animal  had  been  inoculated 

on  May  9th  with  ‘  Scotsdale  ’  strain 

without  result. 
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September  24th.  Received  intraperitoneally  three  drops  blood  of  Dog  i. 
Irypanosomes  appeared  on  the  fifth  day  and  were  constantly  present  till  death 
on  November  gth  (46th  day).  Ten  days  before  death  there  were  incoordination  of 
the  hind  legs,  and  a  muco-purulent  discharge  from  the  conjunctivae. 

Rat  10.  Was  inoculated  subcutaneously  with  o'5  c.cm.  heart  blood  of  Dog 
17  just  dead,  on  December  31st.  No  further  examinations  were  made  till  the 
animal  arrived  in  Pretoria,  when  organisms  were  very  numerous.  It  was  still 
alive  on  January  23rd. 

Grey  Rat.  3.  Caught  locally.  Inoculated  subcutaneously  November  gth,  igo8, 
with  o'5  c.cm.  blood  of  Rat  i.  Trypanosomes  appeared  on  the  fourth  day  and 
were  constantly  seen  up  to  death  on  December  14th,  the  35th  day. 

Guinea-pig  12.  This  animal  had  been  unsuccessfully  inoculated  with 
‘  Scotsdale  ’  strain  in  May,  igo8. 

November  3rd,  inoculated  with  eight  drops  blood  Rat  i,  and  on  this  rat’s 
death,  November  gth,  received  the  heart  washings.  Trypanosomes  were  seen  on 
November  13th,  ten  days  after  first  inoculation.  They  were  present  later  at 
various  times  up  to  death,  which  took  place  on  December  23rd,  and  was  probably 
due  to  a  poisonous  grass  in  the  food  (vide  Scotsdale  guinea-pig).  Trypanosomes 
were  not  seen  on  autopsy,  and  the  body  was  well  nourished. 

Guinea-pig  4.  An  animal  which  had  resisted  infection  by  T.  vivax  a  year 
previous.  ^ 

September  24th,  igo8.  Inoculated  intraperitoneally  with  three  drops  of  blood 
from  Dog  i.  The  animal  remained  in  perfect  health,  and  trypanosomes  were 
never  seen  at  frequent  (every  two  days)  examinations  up  to  November  cth. 
Organisms  were  first  seen  on  November  5th,  and  were  thence  present  at  most 
subsequent  examinations  till  death  on  December  17th,  which  was  without  doubt 
accelerated  by  frequent  exposure  to  the  rains  and  cold  weather  and  by  constant 
travelling. 

Dog  I.  young  native  bitch.  Inoculated  subcutaneously  September  cth, 
1908,  with  twelve  drops  blood  of  original  case.  Organisms  were  not  seen  on 
September  12th,  the  only  examination  prior  to  arrival  at  camp,  September  22nd. 
Torn  this  date  to  that  of  death,  October  i8th  (thirty-three  days),  trypanosomes 
were  constantly  present.  Beyond  emaciation  and  weakness  no  special  symptoms 
were  observable— there  was  no  corneal  opacity,  as  in  the  original  animal.  The 
temperature  was  constantly  elevated  to  102°  to  103°,  and  showed  no  paroxysmal 
tendency.  ■' 

Dog  6.  October  30th,  igo8.  Received  6-oc.c.  subcutaneously  of  this  strain 
passed  through  Ox  i,  trypanosomes  1-4  fields.  It  did  not  become  infected,  and 
died  of  pleuro.pneumonia  on  December  21st. 

Dog  II.— November  ist,  igo8.  Inoculated  subcutaneously  with  twenty  drops 
flood  from  Rat  1.  Temperature  commenced  to  rise  on  the  fifth  day,  and  trypano¬ 
somes  one  to  a  field  were  seen  on  the  sixth.  During  the  time  it  was  taken,  the 
einperature  was  considerably  elevated,  reaching  io5'4°,  and  trypanosomes  were 
constantly  present  till  death  on  December  loth  (forty  days). 

Dog  13.— This  dog  served  as  a  control  to  Dog  6,  which  did  not  become 
mtected  after  inoculation  from  Ox  i.  November  gth,  igo8.  Inoculated  intra- 
peritoneally  with  30C.C.  from  Ox  i  (trypanosomes  1-30  fields).  The  temperature 
ommenced  to  rise  on  the  fifth  day,  and  trypanosomes  were  seen  on  the  seventh 
and  at  succeeding  examinations  up  to  death  on  November  27th— 18th  day. 

G  Inoculated  subcutaneously  with  heart  blood  of 

were  very  numerous  at  the  first  examination  on  the 
®  '  The  disease  was  acute  and  the  dog  died  on  December  31st — i6th  day 
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Sheep  2. — September  29th.  Inoculated  subcutaneously  with  three  drops  blood 
of  Dog  I.  Trypanosomes  one  to  a  cover  were  seen  on  the  eleventh  and  twelfth 
day,  when  the  animal  was  destroyed. 

Sheep  7. — November  14th.  Inoculated  intraperitoneally  with  lo-o  c.c.  blood 
from  Ox  I.  The  object  of  this  experiment  was  to  note  whether  the  morphological 
forms  present  in  this  Ox  would  reappear.  Trypanosomes'  i  in  cover-glass  were 
seen  in  the  blood  on  one  occasion  only  (December  15th)  ;  they  were  present  in  the 
glands  on  December  ist,  loth  and  23rd,  and  not  seen  on  December  14th.  This 
animal  died  in  the  train  on  January  8th,  and  was  too  decomposed  for  inoculation 
on  arrival  in  Pretoria  the  following  day. 

Goat  i. — An  adult  female.  September  30th.  Inoculated  subcutaneously  with 
three  drops  blood  from  Dog  i.  The  temperature  rose  on  the  sixth  day  and  again 
on  the  tenth  (io6-8°),  from  which  date  it  was  almost  continually  elevated  above 
104°,  and  after  the  fifth  week  was  over  105°.  Trypanosomes  were  only  seen 
twice  on  direct  examination  of  the  blood — i  to  half  a  cover-glass  (^-inch)  on 
each  occasion —  the  i8tlh  and  27th  day.  They  could  constantly  be  found  on 
puncture  of  the  prescapular  glands.  No  symptoms  were  noted  beyond  slight 
emaciation,  the  animal  retaining  its  strength  until  it  was  destroyed  on  our  leaving 
for  home. 

Goat  4. — Adult  female.  October  30th  was  inoculated  subcutaneously  with 
4-0  c.c.  blood  from  Ox  1.  The  temperature  commenced  to  rise  on  the  fourth  day 
and  continued  irregular,  but  alway'S  elevated  between  103°  and  107°,  till  it  was 
destroyed  on  November  15th.  Trypanosomes  were  never  seen  in  the  peripheral 
blood;  but  they  were  constantly  present  in  the  prescapular  gland  from  the  seventh 
day. 

Ox  I. — A  five-year-old  cow.  Had  been  under  observation  for  eighteen  days 
prior  to  inoculation,  during  which  she  was  in  perfect  health  and  her  temperature 
had  never  exceeded  102°. 

October  i8th,  was  inoculated  subcutaneously  with  8'oc.c.  from  Dog  i,  just 
dead.  The  temperature  commenced  to  rise  the  following  day  (io3'2°).  On  the 
third  day  it  was  105°,  and  106°  on  the  fourth  after  inoculation,  and  then  fell  to 
103-2°.  For  a  week  it  continued  irregular,  showing  a  daily  variation  of  two  to 
three  degrees,  later  becoming  more  even,  but  ranging  daily  from  101-5°  to  over 
103°.  Trypanosomes  were  first  seen  i  to  half  a  cover-glass  on  October  24th — the 
sixth  day — and  they  were  thereafter  continually  present,  averaging  one  to  ten  fields  : 
on  two  occasions  only  did  they  exceed  one  to  a  field.  There  was  therefore  no 
periodicity  in  either  temperature  or  organisms;  and  no  increase  in  numbers  when 
a  high  temperature  (106-2°)  was  registered  early  in  the  infection.  Gland  puncture 
showed  trypanosomes  two  days  prior  to  their  appearance  in  blood.  During  the 
four  weeks  of  disease  she  was  under  observation,  there  was  noticeable  emaciation, 
the  animal  being  in  very  good  condition  at  the  time  of  inoculation.  At  our 
departure  she  was  left  under  the  charge  of  a  neighbouring  European  ;  but  up  to 
date  we  have  no  report  as  to  her  condition. 

A  suspicion  was  aroused  that  by  some  means  a  mixed  infection  might  have 
occurred,  and  a  series  of  inoculations  was  carried  out  to  ascertain  this  point.  We 
were,  however,  unable  to  obtain  any  evidence  of  such  an  occurrence. 

Ox  3. — ij  years  old.  This  Ox  was  inoculated  to  see  whether  the  trypano¬ 
somes  noted  in  Ox  i,  which  were  suspected  as  being  foreign  to  the  inoculation, 
would  again  reappear. 

October  31st.  Inoculated  subcutaneously  with  20  drops  blood  from  Rat  i. 
There  was  a  slight  thermal  reaction  sixth  and  seventh  days — from  then  to  the 
fifteenth,  the  day  we  left,  it  continued  normal.  No  trypanosomes  were  seen  in 
the  peripheral  blood  during  this  period,  but  gland  puncture  was  positive  from 
the  seventh  day.  We  have  no  report  as  to  the  present  condition  of  this  Ox. 
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Morfhology  of  Chtinga'  Trypanosome 
(a)  In  original  case 

In  fresh  preparations  the  trypanosomes  were  long  and  caused 
considerable  disturbance  among  the  corpuscles;  they  remained 
localised  to  the  field. 

Stained,  two  main  types  were  discernible. 

I.  A  ‘long’  foiTO  measuring  from  2475  to  303  /i  in  length 

(average  26'g  4)  by  1-5  to  2-0  4  in  width.  An  average  measurement 
of  a  series  is  :  — 

Extremity  to  Blepharoplast  Nucleus  to 

Blepharoplast  to  Nucleus  Nucleus  extremity  Free  Flagellum 

5-62  375  5.62  8.7^ 

The  body  is  narrow,  the  posterior  extremity  drawn  out  into  what 
Balfour  describes  as  a  ‘pike’s  head’;  the  other  is  continued  as  an 
ectoplasmic  prolongation  for  a  variable  distance  along  the  flagellum  ; 
the  cytoplasm  stains  faint  bluish  and  is  relatively  free  from  granules 
or  vacuoles.  The  blepharoplast  is  removed  about  3-0  /x  from  the 
extremity,  and  the  elongate  nucleus  (375  x  1-5)  lies  well  to  the 
flagellar  end  of  the  body.  The  undulating  membrane  is  fairly  well 
developed,  though  hardly  so  much  so  as  is  usual  in  T.  evansi ;  the  rim 
IS  continued  as  a  free  flagellum  varying  from  6  to  1 1  in  length,  clear 
of  all  ectoplasm. 

2.  ‘Short’  forms  measuring  from  17-15  to  2rg/i  m  length 
(average  ig-o  //)  by  2  to  3-5  //  (average  2-6  //)  devoid  of  a  free 
flagellum,  or  having  only  a  beak  of  one  or  two  micra.  The  following 
IS  the  mean  of  a  series  of  measurements;  — 

Extremity  to  Nucleus  to 

Nucleus  Nucleus  flagellar  extremity 

^■55  2-2  10-25 

The  body  is  relatively  broad  ;  the  posterior  extremity  is  bluntly 
angular  or  sometimes  rounded ;  in  a  few  cases  it  showed  evidence  of 
eing  drawn  out.  The  cytoplasm  stains  more  pink  than  is  seen  in 
the  ‘  long  ’  forms,  and  granules,  though  rare,  are  of  more  common 
occurrence  ;  vacuoles  were  not  noted.  The  blepharoplast  is  removed 
rom  0-;  to  1-5  /i  from  the  extremity  or  may  be  almost  terminal. 
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The  nucleus  is  round  and  lies  slightly  on  the  aflagellar  side  of  the 
middle.  The  undulating  membrane  exists,  but  is  not  well  developed, 
and  the  rim  ceases  with  the  body,  or  may  be  continued  in  a  few 
instances  for  as  much  as  4  /*. 

In  this  dog,  the  long  forms  greatly  exceeded  in  number  the  short, 
at  the  time  of  examination.  Intermediate  forms  were  very 
uncommon. 

(b)  In  experimental  animals. 

(i)  In  the  rats,  guinea-pigs  and  dogs  both  forms  were  seen  but 
the  short  was  usually  in  numerical  excess  of  the  large  ;  this  latter  was 
not  seen  in  certain  slides  from  Dog  ii,  and  in  some  others  it  was 
very  rare.  In  Rat  i  they  co-existed  in  almost  equal  numbers. 

(ii)  The  extreme  rarity  of  occurrence  in  the  blood  of  sheep  and 
goats  precluded  a  study  of  the  forms  ;  in  smears  made  from  gland 
punctures  they  respond  to  the  '  short  ’  forms,  but  the  length  is  greater 
(average  23-2) ;  the  free  flagellum  was  rudimentary. 

(iii)  In  cattle.  In  fresh  preparations  the  motility  was  found  to 
vary  from  day  to  day,  and  also  in  individual  trypanosomes.  Most 
commonly  the  form  which  re-appeared  was  almost  as  active  as  that 
to  which  we  have  referred  as  T.  vivax\  less  frequent  were  those 
trypanosomes  whose  gliding  movements  without  corpuscular  dis¬ 
placement  could  be  watched  while  crossing  a  field.  Only  rare  were 
those  even  temporarily  remaining  in  a  single  field. 

In  stained  preparations  we  have  only  seen  one  form.  This 
trypanosome  showed  morphological  variations  from  those  in  other 
animals  inoculated  with  this  strain.  It  measured  from  2175  to  25-5  v- 
in  length  (average  22-4  /i)  and  from  27  to  4'5  /U  in  breadth  (average 
3'3  jx).  The  following  is  the  mean  of  made  measurements  :  — 

Extremity  to  Blepharoplast  Nucleus  to  body 

Blepharoplast  to  Nucleus  Nucleus  extremity  Free  Flagellum 

07  5-8  3-3  7-3  5-52 

The  body  is  rounded  or  bluntly  conical  at  the  posterior  extremity, 
and  tapers  gradually  from  the  widest  point,  which  is  close  to  the 
region  of  the  blepharoplast.  The  cytoplasm  is  commonly  homogeneous 
and  free  from  chromatic  granules  or  vacuoles.  The  blepharoplast  is 
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large  and  ro  /i  from  the  end,  but  frequently  it  is  almost  terminal; 
the  nucleus  is  compact,  round  or  somewhat  oval,  and  situated  towards 
the  middle  of  the  body.  The  undulating  membrane  is  represented, 
as  in  r.  vivax  and  most  of  the  long  forms  of  T.  nanum,  by  a  narrow’ 
band  extending  parallel  to  the  marg-in  of  the  body ;  its  rim  is 
continued  as  a  free  flagellum  of  from  q'o  to  6‘0  jx. 

In  its  morphology  this  trypanosome  so  closely  resembled  that 
which  we  described  as  T .  vivux  at  Broken  Idill  that  we  suspected  a 
mixed  infection  a  suggestion  accentuated  by  the  rapid  rise  in 
temperature  after  inoculation,  and  by  the  failure  to  infect  Dog  6. 
T.  vivax  was  not  rare  in  the  blood  of  inoculated  sheep  and  goats, 
while,  as  indicated  by  Sheep  2  and  Goat  i,  the  Chunga  organism  was 
uncommonly  seen.  Goat  4,  Sheep  y  and  Dog  i  3  were  inoculated 
from  this  cow  ;  the  two  ruminants  became  infected  without  showing 
numerous  trypanosomes  in  the  blood  (observation  on  Goat  4  limited 
to  fifteen  days  ;  no  peripheral  organisms  seen,  though  gland  puncture 
positive) ;  the  dog  became  infected  with  trypanosomes  identical  to 
those  seen  in  the  original  and  sub-inoculated  dogs,  the  short  forms 
markedly  preponderating.  As  a  control  to  these  experiments  a  second 
ox  was  inoculated  with  this  strain  passed  through  a  rat.  Unfortun¬ 
ately  we  had  to  leave  for  home  before  this  animal  showed  peripheral 
trypanosomes  ;  but  a  comparison  of  forms  seen  in  gland-puncture 
specimens  from  these  two  bovines  did  not  reveal  any  appreciable 
differences.  We  are  therefore  led  to  consider  it  possible  that  the 
Chunga  strain  passed  into  a  bovine  may  manifest  this  morphological 
variation,  and  that  the  failure  to  infect  Dog  6  was  due  to  individuality. 

Diagnosis 

Owing  to  lack  of  comparative  study  we  are  unable  to  assign  this 
trypanosome  to  any  particular  species.  In  our  original  dog  and  in 
several  of  the  sub-inoculations  it  shows  considerable  affinity  in  both 
morphology  and  animal  reaction  with  the  T.  evansi  group,  and  we 
have  spoken  of  it  as  allied  to  T.  hriicei.  In  the  strain  of  T .  brucei 
maintained  at  Runcorn,  forms  corresponding  to  both  ‘  long  ’  and 
‘  short  ’  are  found — the  so-called  '  male  ’  and  ‘  female  ’ — but  on  an 
average  they  are  larger,  and  more  transitional  stages  can  be  made 
out.  It  will  at  once  be  remarked  by  one  conversant  with  Laveran's 


work*  that  the  description  we  have  given  of  the  ‘  Chunga  ’  trypano¬ 
some  shows  a  marked  similarity  to  T.  fecaudi.  It  is  to  be  observed, 
however,  that  we  have  never  seen  a  trypanosome  of  i4'o  /x ;  our 
smallest  was  I7'I5  /x  ;  the  undulating  membrane  in  our  form  is  less 
developed  than  that  figured  by  Laveran,  and  we  have  the  more 
common  occurrence  of  a  small  flagellum.  This  trypanosome  is 
maintained  at  Pretoria,  and  additional  work  will  make  its  position 
clearer. 

B.  The'  Wallace'  tryfanosome 

In  September  we  examined  an  Irish  terrier  which  had  accompanied 
the  Administrator,  Mr.  Wallace,  on  tour  from  Fort  Jameson. 
Trypanosomes  were  present  in  his  blood,  but  the  dog  died  and  was 
destroyed  before  we  got  an  inoculation.  Mr.  Wallace  thereupon  very 
kindly  telegraphed  to  Fort  Jameson  for  two  dogs  to  be  sent  in  charge 
of  messengers  to  follow  the  same  route.  These  dogs,  born  in 
Fort  Jameson,  and  apparently  in  perfect  health,  left  there  on 
September  24th  and  travelled  via  Nawalia,  Mpika,  Kasama  and 
Abercorn.  One  reached  our  Kambole  camp  on  October  2gth ;  the 
other  is  said  by  the  messengers  to  have  died  of  extreme  weakness 
two  days  before. 

This  dog  ‘  Dip,’  a  short-haired  animal  of  about  35  lbs.  weight,  was 
in  hard  condition  on  arrival  from  the  long  march  ;  on  casual  glance 
he  was  quite  healthy  and  strong,  only  his  membranes  were  somewhat 
pale.  Trypanosomes  were  present  in  his  blood. 

The  dog  refused  food  on  November  1st,  and  on  the  2nd  was 
unable  to  stand  and  was  semi-comatose  ;  his  coat  was  staring  and 
respirations  increased.  During  the  morning  he  had  five  epileptiform 
fits,  lasting  one-half  to  three-quarters  of  a  minute,  during  which  he 
made  violent  attempts  to  rise,  and  snapped  at  any  near  object, 
howling  and  attempting  to  bark  whilst  the  lit  lasted.  As  no  improve¬ 
ment  was  noticed,  he  was  destroyed  by  an  intrapleural  injection  of 
hydrocyanic  acid  at  four  o’clock.  During  these  few  days  his 
temperature  had  not  exceeded  102 ‘5°. 

Autofsy.  Membranes  and  subcutaneous  tissues  somewhat  pale,  but  not 
excessively  so.  There  was  no  increase  of  fluid  in  the  body  cavities.  Lymphatic 
glands  were  all  enlarged,  slightly  oedematous  and  congested.  Other  organs 
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healthy-looking,  except  the  spleen,  which  was  of  enormous  size  :  it  extended  right 
across  the  abdomen  and  measured  over  three  inches  in  width  at  the  narrowest 
part,  and  was  thickened  to  an  extent  of  nearly  two  inches  ;  the  substance  was  soft 
and  friable,  and  the  Malpighian  bodies  large  and  prominent. 

Experimental  infection 

The  following  inoculations  were  carried  out :  — 

ItAT  8. — October  30th,  1908.  Inoculated  subcutaneously  with  2-0  c.c.  blood 
of  ‘Dip.’  Trypanosomes  appeared  on  the  fifth  day  and  increased  in  numbers  to 
death  on  November  roth. 

Guinea-pig  10. — October  30th,  1908.  Inoculated  intraperitoneally  with  yoc.c. 
blood  of  ‘  Dip.’  No  trypanosomes  were  seen  up  to  November  15th.  They  were 
present  on  November  22nd  and  at  succeeding  examinations  to  death,  which 
occurred  on  December  7th  (38th  day). 

Guinea-pig  13.  December  7th.  Inoculated  intraperitoneally  with  1-50.0. 
blood  direct  from  Guinea-pig  10.  Trypanosomes  were  seen  on  December  12th  and 
the  animal  died  on  December  14th,  a  date  on  which  several  of  our  guinea-pigs 
died,  as  a  result,  we  think,  of  some  vegetable  irritant  in  the  food. 

Dog  12. — November  2nd.  Inoculated  subcutaneously  with  5-00.0.  heart  blood 
direct  from  ‘  Dip  ’  on  post-mortem.  The  temperature  rose  on  the  sixth  day,  and 
trypanosomes  were  present.  They  increased  in  numbers,  and  the  temperature 
continued  to  rise  up  to  death  on  November  13th,  the  eleventh  day. 

Dog  14. — ^Was  inoculated  subcutaneously  with  3*0  c.c.  blood  of  Dog  12  on 
November  13th.  No  trypanosomes  were  seen  up  to  December  7th,  when  he  was 
stolen  or  lost. 

Dog  15.. — Was  inoculated  subcutaneously  on  December  14th  with  2-0  c.c.  heart 
blood  of  Guinea-pig  13  immediately  after  death.  No  trypanosomes  were  ever  seen 
in  the  blood  of  this  animal,  which  arrived  in  Pretoria  looking  well. 

Morphology  of  the  ‘  Wallace'  Trypanosome 

In  fresh  preparations  the  actively  moving  organisms  remain 
localised  to  the  field  and  rarely  attempt  to  travel ;  they  recall  the 
forms  seen  in  Balungu  (Plate  IV,  fig.  4). 

Stained,  they  present  the  ordinary  appearance  of  a  ‘  tadpole  ’ 
trypanosome,  measuring  from  8'8  to  I5'3  p.  (average  I2'3  /x)  in  length, 
and  from  o'g  to  ryS  in  width.  The  following  is  the  mean  of  the 
measurements  :  — 


Nucleus  to 
flagellar  extremity 

5-8 


Extremity  to 
Nucleus 

4-+ 


Nucleus 


2-1 


The  small  blepharoplast  is  removed  a  short  distance  in  most 
individuals.  The  nucleus,  compact  and  deeply  staining,  is  oval  or 
compressed.  The  undulating  membrane  and  free  flagellum  are  absent 
or  very  rudimentary.  The  aflagellar  extremity  is  rounded  ;  in  some 
of  the  larger  forms  it  becomes  more  pointed. 
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The  morphological  appearances  in  the  first  dog  and  in  the  sub¬ 
inoculations  from  this  are  identical ;  no  ‘  long  ’  forms  were  seen  in  any 
animal. 


Diagnosis 

The  animal  reactions  of  this  trypanosome,  though  limited  in 
number,  indicate  a  degree  of  pathogenicity  not  seen  in  T.  nanum, 
while  the  absence  of  any  long  form  would  appear  to  negative 
T.  (Limorfhon  or  T.  confusum.  We  consequently  associate  this 
trypanosome  with  T.  congolense. 

The  subject  was  a  small  wire-haired  fox  terrier  ‘  Jock  ’  which 
accompanied  one  of  us  throughout  his  stay  in  the  country.  The 
history  of  this  dog  is  of  interest  as  showing  the  resistance  enjoyed 
by  some  dogs  towards  infection  by  Glossina. 

He  was  in  contact  with  Glossina  morsitans  or  Glossina  pal  falls 
almost  daily  from  September,  190;,  to  February,  1908,  and  again 
from  April  to  the  end  of  May,  and  during  the  last  week  in  August, 
1908.  In  March,  1908,  he  became  weak  and  listless,  with  pallid 
membranes  and  a  temperature  up  to  103°,  but  no  trypanosomes  could 
be  demonstrated,  and  a  rapid  recovery  was  made.  From  the  middle 
of  October  he  again  manifested  signs  of  illness,  commencing  here 
with  marked  oedema  of  both  ears ;  a  few'  days  later  he  had  a 
temperature  of  102°,  rapid  respirations,  nose  dry  and  warm,  and 
visible  membranes  pallid.  Trypanosomes  were  first  seen  on  October 
31st,  and  on  only  three  other  occasions  during  the  next  fortnight  of 
daily  examinations.  He  appeared  to  improve  from  November  24th, 
and  no  trypanosomes  were  seen  after  November  12th.  He  was  left  at 
Pretoria  apparently  improved,  but  Dr.  Theiler  tells  us  he  rapidly  went 
off  and  died,  showing  many  trypanosomes  shortly  after  our  departure, 

A  dog  (No.  9)  was  inoculated  on  October  31st  with  six  drops  of  blood  from 
‘Jock.’  The  temperature  became  irregular  from  the  eighth  day,  but  no  trypano¬ 
somes  were  seen  in  the  blood  until  November  21st:  they  were  present  in  the 
glands  from  the  tenth  day  following  inoculation.  Trypanosomes  remained  present, 
but  always  scanty  (one  or  two  to  a  cover-glass,  rarely  one  in  ten  fields),  up  to 
death  on  November  27th. 

Dog  No.  16  was  inoculated  subcutaneously  on  November  27th  with 
heart  blood  of  Dog  9.  Trypanosomes  were  never  seen  in  the  blood  of  this  animal 
up  to  its  arrival  in  Pretoria  ;  but  gland  puncture  on  December  20th  showed 
infection  to  have  resulted. 


Morphology  of  the  ‘Jock'  Trypanosome 

In  the  original  and  the  sub-inoculated  dog  the  parasite  seen 
corresponds  in  every  way  with  that  already  described  in  ‘  Dip  ’  and 
in  '  Balungu  ’ ;  to  this  description  we  have  nothing  to  add. 


Trypanosomiasis  Occurring  in  a  Naturally  Infected  Pig 


On  October  ;th  we  received  from  a  European  in  Abercorn  a 
young  male  pig  for  experimental  purposes.  This  animal  was  one  of 
a  litter  born  in  May  at  Abercorn,  where  within  fifty  miles  Glossina 
morsitans  or  animal  trypanosomiasis  have  never  been  seen  or 
suspected,  and  where  there  is  no  traffic  to  introduce  it.  On  arrival 
this  animal  was  footsore  and  dull,  but  this  was  ascribed  to  the  conduct 
of  the  native  who  drove  it  to  us  a  distance  of  fifty  miles  in  two  days. 
It  was  kept  in  our  camp  and  appeared  quite  healthy  until  October 
31st,  when  the  native  in  charge  reported  it  sick.  On  examination  it 
was  recumbent,  semi-comatose,  breathing  heavily,  visible  membranes 
injected,  consideiable  oedema  of  the  prepuce  and  a  temperature  of 

102°  Trypanosomes  were  swarming  in  the  blood,  and  the  animal 
died  six  hours  later. 


Autopy  commenced  immediately.  Oedema  of  prepuce: 
vessels  markedly  congested ;  body  fat  plentiful. 


all  subcutaneous 


The  same  marked  congestion  in  all  mesenteric  veins:  liver  and  kidney  slightly 
congested.  Spleen  considerably  enlarged,  soft  and  friable,  with  Malpighian  bodies 
prominent.  Some  excess  of  blood-tinged  fluid  in  the  pericardium  ;  coronary  vessels 
of  heart  greatly  distended.  Ante-mortem  clots  in  both  auricles  and  ventricles. 
lUood  dark  and  clots  readily ;  lungs  pale. 


All  lymphatic  glands  swollen,  soft  and  excessively  haemorrhagic. 

The  picture  presented  was  that  of  very  acute  haemorrhagic  septicaemia 


We  are  quite  unable  to  say  where  infection  was  derived  ;  the 
sudden  death  indicated  rapid  disease  due  to  a  local  infection  after 
arrival  in  our  camp.  This  could  not  be  entirely  excluded  owing  to 
existence  of  Stonioxys,  Hematobia  and  Tabanus  in  small  numbers; 
but  the  pig  had  been  in  intimate  association  with  only  Ox  i,  which 
had  an  infection  with  a  trypanosome  (Chunga)  morphologically 
distinct,  and  which  only  became  infected  five  days  prior  to  the  pig’s 
death.  From  the  fact  of  its  indisposition  on  arrival  we  might  surmise 
a  previous  infection  from  some  as  yet  unknown  source  in  Abercorn. 
There  the  pig  had  been  in  intimate  contact  with  sheep,  the  histories 
of  which  are  always  uncertain  owing  to  the  possibility  of  traffic  in 
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these  animals,  and  which,  as  we  have  already  noted,  may  be  a 
great  source  of  danger. 

An  enquiry  into  the  morphology  and  animal  reactions  of  the 
trypanosomes  met  with,  and  a  comparison  with  those  on  our  camp 
previously,  might  aid  towards  a  possible  solution.  We  are  only  able 
to  give  a  summary  of  the  few  reactions  obtained  piior  to  the  arrival 
of  the  strain  in  Pretoria ;  it  being  our  main  object  to  preserve  it  for 
experimentation  in  suitable  surroundings. 

Experimental. 

All  inoculations  made  direct  from  the  pig. 

g. _ October  31st.  Inoculated  intraperitoneally  with  S’o  c.c.  blood.  No 

trypanosomes  were  ever  seen,  and  this  animal  arrived  at  Pretoria  in  good  condition. 

Guinea-pig  ii. — October  31st.  Inoculated  intraperitoneally  with  5-0  c.c. 
blood  Trypanosomes  were  never  seen.  It  died  on  December  19th,  probably  from 
exposure.  There  were  no  indications  of  trypanosomes  on  post-mortem. 

Dog  10.— October  31st.  Inoculated  intraperitoneally  with  5-0  c.c.  blood. 
During  two  weeks  of  observation  the  temperature  remained  normal,  and  organisms 
were  not  seen  on  blood  or  gland  examination.  On  the  march  they  were  not 
encountered  at  various  examinations.  Death  took  place  from  pneumonia  on 
January  3rd.  There  were  no  indications  of  trypanosomes  on  post-mortem. 

QOA.T  6— October  31st.  Inoculated  subcutaneously  with  5-0  c.c.  blood.  The 
temperature  rose  to  106-4°  on  the  fifth  day,  and  for  the  remaining  ten  days  of 
observation  assumed  the  type  met  with  in  Broken  Hill. 

Trypanosomes,  one  in  five  fields  appeared  on  the  eighth  day,  were  absent  on 
the  ninth  and  tenth  (temperature  low),  were  seen  two  in  quarter  cover-glass  on 
the  eleventh  (temperature  107-2°),  absent  the  twelfth  (temperature  low),  and  were 
again  present  on  the  next  thermal  elevation  on  the  13th  day.  There  consequently 
appeared  to  be  a  connection  between  temperature  and  presence  of  organism. 

This  goat  travelled  well,  and  arrived  in  Pretoria  in  good  condition.  Trypano¬ 
somes  were  not  seen  in  the  peripheral  blood  on  the  journey,  but  a  gland  puncture 
on  December  21st  showed  them  still  present.  At  Pretoria  (January,  1909)  a  rahhit, 
guinea-pig  and  a  sheep  were  inoculated,  and  on  April  26th  Dr.  Theiler  informs  us 
that  the  original  goat  is  still  alive,  that  the  sheep  is  infected,  but  the  rahbit  does 
not  show  anything. 

Morphology  of  the  ‘Pig'  Trypanosome 

The  trypanosomes  present  at  death  of  the  original  host  were  so 
numerous  that  no  details  of  movement  could  be  made  out ,  this  more 
especially,  too,  since  they  were  agglutinating.  In  the  goat  they  could 
be  seen  crossing  the  field  without  difficulty,  giving  the  impression  of 
a  gliding  motion. 

In  stained  preparation,  (i)  Pig.  The  trypanosomes  measure 
from  1 1 ’5  to  17-9  /«  in  length  and  from  i  to  r8  /r  in  breadth.  The 
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majority  of  forms  seen  were  in  a  state  of  active  multiplication,  so 
accounting  for  the  average  length  of  1575  /“•  The  mean  length  of 
single  individuals  was  13-15  //.  In  these  latter  the  cytoplasm  was 
relatively  clear  and  homogeneous,  the  blepharoplast  some  0-5  fx  from 
the  rounded  or  bluntly  angular  extremity ;  the  nucleus  rounded  and 
rather  loose  in  texture  being  centrally  placed.  There  is  a  slightly 
better  development  of  the  rudimentary  undulating  membrane  than 
is  usual  in  these  ‘  tadpole  ’  trypanosomes,  but  practically  no  free 
flagellum. 

In  divisional  forms  the  aflagellar  extremity  was  more  pointed,  and 
vacuoles  were  seen  in  the  cytoplasm  of  many.  The  undulating 
membrane  was  better  developed,  amounting  almost  to  that  common 
in  T.  lewisi,  and  a  free  extremity  to  the  flagellum  of  2  or  3  //  was 
seen  in  several  individuals.  Where  this  portion  could  not  be 
designated  ‘free,’  this  extremity  of  the  body  or  the  ectoplasm  was 
drawn  out  more  than  in  the  smaller  single  forms. 

(2)  Goat.  In  this  animal  the  trypanosomes  which  appeared 
measure  from  14-5  to  17-25  (average  15-97  A*)  in  length  and  1-5  to 
2-6^  in  breadth  (average  1-83  fx).  The  following  is  the  mean  of  a 
series  of  measurements  :  — 

Extremity  to  Blepharoplast  Nucleus  to 

Blepharoplast  to  Nucleus  Nucleus  flagellar  e.xtreraitv 

1-4  4-6  2-47  7-5 

No  free  flagellum  was  seen,  but,  as  ' in  the  pig,  the  flagellar 
extremity  of  the  body  was  in  some  cases  drawn  out.  The  cytoplasm 
stained  rather  pink,  and  granules  or  vacuoles  were  infrequent.  The 
aflagellar  extremity  is  rounded,  but  more  elongated  than  in  the 
tadpoles  of  T.  congolense.  Dividing  forms  (up  to  17-25  //)  were 
present,  and  in  these  there  is  some  approach  to  a  very  small 
undulating  membrane,  which  in  the  solitary  individual  is  as  rudimen¬ 
tary  as  in  ‘  tadpoles.’ 

Diagnosis 

From  the  morphology  of  this  trypanosome  it  would  appear  that 
we  are  dealing  with  either  T.  congolense  or  T .  namtrn.  The  animal 
experiments  are  limited,  but  a  dog,  a  rabbit  (at  Pretoria),  a  guinea-pig 
and  a  white  rat  remained  healthy  after  large  doses  of  heavily  infected 
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blood,  which,  from  the  acuteness  of  the  pig’s  sickness,  might  be 
considered  of  a  virulent  nature. 

Our  observations  are  too  limited  to  identify  this  trypanosome  with 
certainty  as  T.  nanum,  which  is  characterised  by  negative  features; 
but  we  incline  to  the  opinion  that  future  work  will  show  they  are 
closely  related. 

We  can  now  consider  the  question  of  where  this  pig  derived 
infection,  and  at  once  a  local  origin,  a  transmission  from  the 
Scotsdale  strain  which  was  being  maintained,  will  suggest  itself, 
T.  nanum  was  not  found  locally  and  was  unknown  around  Abercorn ; 
and  though  its  existence  there  cannot  be  denied,  and  is  on  some 
grounds  to  be  suspected,  it  appears  more  probable  that  this  pig 
acquired  the  disease  after  arrival  at  Kambole,  where  Siomoxys  and 
Jlaematafota  were  common. 


VII.  EXAMINATIONS  OF  GAME 

Wherever  possible  an  examination  was  made  of  all  wild  animals 
ranking  as  game  which  we  shot,  or  which  had  been  killed  in  the 
vicinity  of  our  camps  by  others. 

In  most  cases  this  consisted  of  examining  the  blood  taken  from 
the  ear  or  heart  in  fresh  cover-glass  preparation  ;  but  latterly  gland 
juice,  and  sometimes  also  that  of  other  organs,  was  also  examined. 
In  no  instance  was  blood  or  other  fluid  centrifuged.  Inoculations 
into  small  animals  were  only  made  from  those  showing  flagellates  and 
from  a  wart-hog  and  a  buffalo  shot  by  Dr.  Yale-Massey  close  to  our 
camp  at  Broken  Hill.  Dry  slides  were  made  from  some,  and  were 
examined  stained  for  the  presence  of  other  blood  parasites  such  as 
piroplasma  and  spirochaeta.  These  have  not  yet  been  properly 
examined,  but  no  findings  are  recorded  up  to  date. 

The  majority  of  these  animals  were  killed  at  considerable 
distances  from  camp,  and  several  hours  elapsed  before  examination; 
but  not  a  few,  as  for  example  those  shot  on  the  march,  came  under 
the  microscope  within  an  hour. 

Bruce  has  indicated  that  direct  examination  is  of  small  value; 
but  the  positive  findings  of  Dutton  and  Todd  and  ourselves  show  that 
peripheral  organisms  may  be  present.  The  ideal  system,  however, 
would  be  to  establish  temporary  camps  hi  various  districts  with  a 
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plentiful  stock  of  healthy  animals  carefully  protected  in  Hy-proof 
cages  at  hand,  and  to  inoculate  such  immediately  on  the  death  of  the 
game,  or  to  convey  citrated  blood  back  with  as  little  delay  as  possible. 
This  would  have  to  be  carried  out  in  both  clean  (fly-free)  and  tsetse 
infested  districts  ;  and  it  is  one  of  the  first  problems  in  the  etiolog)' 
of  trypanosomiasis  that  should  be  undertaken.  In  Northern 
Rhodesia,  and  elsewhere,  considerable  difficulties  will  be  experienced 
owing  to  the  non-pathogenicity  of  certain  endemic  trypanosomes 
towaids  the  oidinary  laboratory  animals ;  it  would  appear  almost 
imperative,  therefore,  that  sheep  and  goats  should  be  employed. 

In  addition  to  game,  wherever  possible  all  small  animals  such  as 
mice,  rats,  moles,  bats,  snakes,  lizards,  birds,  as  well  as  crocodiles 
were  examined.  Trypanosomes  were  seen  only  in  a  species  of  bat ; 
no  blood  parasites  w’ere  observed  in  the  crocodile. 

The  following  is  a  list  of  the  game  examined.  It  has  not  been 
deemed  necessary  to  publish  the  localities  wherein  each  was  shot ; 
it  is  enough  to  say  that  they  were  obtained  in  both  clean  and  fly- 
infested  districts:  — 


Elephant 

...Elephas  ajricanus 

Hippopotamus 

...11.  amphibius 

Buffalo 

...Boscaffer 

Eland 

...Tragelaphus  spekei 

Sable  Antelope 

...Hippotragus  niger 

Roan  .4ntelope 

...Hippotragus  equinus 

Zebra 

...Equus  burchelli 

Hartebeest  ... 

...Bubalis  lichstensteini  ... 

Sessaby 

...Damaliscus  lunatus 

Waterbuck  ... 

...Cobus  ellipsirymnus  and  C.  dej 

Puku 

...Cobus  vardoni  ... 

Lechwc 

...Cobus  lichi 

M’pala 

...Aepiceros  melampus 

Reedbuck 

...Cervicapra  arundinum 

Bushbuck 

...Tragelaphus  scrip tus 

Oribi 

. . .  Oribia  scop  aria 

Wart-hog 

...Pbacochoerus  aethiopicus 

Bush  pig 

. ..Potomochoerus  ebaeropotomus 

Duiker 

. . .  Cepbalopus  grimmi 

Lion 

. . .  Felts  leo 

Z 

I 

1 

2 

1 

13 
1 1 
18 
4 
9 

34 

2 

3 

30 

4 
8 

I  r 
2 

I 

I 


Of  these  158  three  only  showed  flagellates,  in  two  they  were 
recognised  as  trypanosomes  ;  that  in  the  third  does  not  belong  to  this 


genus,  and  will  be  described  independently.  All  these  animals  were 
shot  in  districts  infested  by  Glossina  morsitans. 

I.  Bushbirck,  Tragelaphus  scriptus.  A  young  male  in  good 
condition,  shot  November  loth,  1907,  at  N’tampwa,  some  forty 
miles  south-west  of  Ndola  in  North-Western  Rhodesia. 

The  heart  blood  was  examined  about  one  and  a  half  hours  after 
death,  and  trypanosomes  about  one  in  ten  fields  seen  in  fresh 
preparation.  A  white  rat  was  inoculated  at  once  with  2  o  c.cia. 
intraperitoneally,  but  never  became  infected  and  was  killed  by 
T.  congolense  eleven  months  later. 

Morphology  of  the  trypanosomes.  In  fresh  preparation  the 
movement  was  limited  to  the  field.  Stained,  the  following  is  the 
mean  of  ten  measurements:  — 

Extremity  to  Nucleus  to 

Nucleus  Nucleus  flagellar  extremity 

4-31  1-9  5'^S 

The  picture,  then,  is  one  of  a  tadpole  trypanosome,  which  may  be 
associated  with  T.  dimorphon,  T.  confusum,  T.  congolense  or 
T.  nanuni.  The  failure  to  obtain  this  strain  in  the  inoculated  rat 
leaves  its  identity  uncertain. 

2.  Hartebeest,  Bubalis  lichtensteini.  An  adult  male  in  normal 
good  condition,  shot  on  the  8th  December,  190;,  about  twenty  miles 
north  of  Ndola.  The  heart  blood  was  examined  within  two  hours  of 
death.  Filaria  present  (they  are  apparently  fairly  common  in  this 
antelope),  and  two  trypanosomes  were  seen  in  two  fresh  cover-glass 
preparations.  A  white  rat  was  inoculated  intraperitoneally  with 
1-5  c.cm.,  but  never  became  infected.  In  fresh  preparation  the 
trypanosome  was  localised  to  the  field  and  produced  but  scanty 
movement  among  the  corpuscles.  It  was  apparently  short,  not  more 
than  15  y,  and  did  not  possess  a  flagellum.  We  have  been  unable 
to  find  any  organism  in  the  dry  films  made  from  this  animal. 

Inoculations  were  made  intraperitoneally  into  healthy  dogs  from 
the  heart-blood  of  a  buffalo  (S'O  c.cm.)  and  a  wart  hog  (S'O  c.cm.)  shot 
by  Dr.  Yale-Massey  close  to  our  camp  at  Broken  Hill.  The  buffalo 
belonged  to  a  herd  known  to  frequent  tsetse  areas  in  the  locality.  In 
neither  case  did  the  dogs  become  infected. 
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VIII.  SUPPLEMENTARY  NOTE  TO  OUR  ‘REPORT  ON 
TRYPANOSOMIASIS  OF  DOMESTIC  STOCK  IN 
NORTH-WESTERN  RHODESIA* 

Infection  by  2'.  dimorfkon,  pp.  104-112. 

On  our  departure  from  Broken  Hill  all  infected  goats  and  sheep 
were  left  at  the  camp  in  charge  of  a  native,  but  were  kindly  visited 
on  one  or  two  occasions  by  a  European,  who  has  informed  us  these 
animals  all  succumbed  before  the  end  of  January,  1908. 

Donkey,  Case  No.  LV,  page  108.  This  animal  remained  in 
splendid  condition  and  indeed  improved,  and  in  March  was  sold  at 
an  enhanced  price,  despite  the  purchaser’s  knowledge  of  his  history. 
He  was  alive  and  working  well  at  the  end  of  December,  1908, 
thirteen  months  after  trypanosomes  were  seen  in  his  blood.  We 
have  to  thank  the  Administration  for  making  arrangements  for  the 
regular  inspection  of  this  animal  by  the  local  Medical  Officer. 

The  strain  of  T.  dimor pho^^,  derived  from  Case  XXV,  was  taken 
away  with  us  in  guinea-pigs  and  rats,  but  owing  to  the  shortage  of 
these  animals  it  was  permitted  to  die  out  at  Madona  early  in  1908. 

Infection  by  T.  vivax,  pp.  112-11/. 

We  paid  a  hasty  visit  to  Broken  Hill  in  November,  1907,  two 
months  after  our  departure,  and  were  then  informed  by  the  native  in 
charge  that  sheep.  Case  XXXIX,  had  been  one  of  several  killed  by 
a  leopard  the  previous  week.  With  the  loss  of  this  animal  the  strain 
disappeared. 

Donkey,  Case  No.  LVIll,  page  114.  This  animal  was  re¬ 
purchased  by  his  original  owner  on  return  from  leave,  and  taken  to 
Chinsali,  where  we  again  examined  him  in  May  and  August,  1908, 
without  finding  any  signs  of  trypanosomiasis. 

Morphology  of  the  Cattle  Trypanosomes,  pp.  118-123. 

In  a  later  publication  we  have  discussed  the  nomenclature  of  these 
trypanosomes,  and  more  recently  we  have  emphasised  the  view  that 
the  Broken  Hill  2 .  dimorfhon  is  identical  with  the  original  of  Dutton 
and  Todd,  which  is  distinct  from  that  strain  later  employed  both  at 
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Liverpool  and  Paris.  We  publish  a  series  of  photographs  illustrating 
the  morphology  of  this  trypanosome  (Plate  III,  figs,  i,  2,  3  and  4). 

The  impracticability  of  maintaining  this  strain  is  much  to  be 
regretted  ;  it  is  possible  that  it  may  be  again  recovered  at  or  near 
Broken  Hill. 

Transmission  of  the  Cattle  Trypanosomes,  pp.  128-131. 

In  the  present  report  we  are  able  to  adduce  further  evidence  to 
corroborate  our  view  that  Stomoxys  was  responsible  for  transmission 
in  the  Broken  Hill  herd,  which  had  not  been  exposed  to  Glossina. 

It  may  be  recollected  that  two  healthy  oxen  were  exposed  to 
Glossina  rnorsitans  on  the  road  from  Mwomboshi  to  Broken  Hill,  and 
that  only  three  flies  were  seen  to  feed.  Both  these  animals  became 
infected  on  the  eighteenth  day  with  T .  vivax.  Respectively  seven 
and  eight  days  later  they  showed  an  organism  morphologically 
identical  with  tadpole  T .  dimorfhon. 

It  is  most  undesirable  that  this  crude  observation  should  be  cjuoted 
as  evidence  of  the  infectivity  of  Glossina.  Although  these  cattle 
were  kept  by  themselves  on  arrival,  they  were  not  in  fly-proof 
stables,  and  the  possibility  that  they  were  attacked  by  Stomoxys 
on  the  farm  cannot  be  excluded ;  indeed,  the  occurrence 
of  a  double  infection  would,  a  priori,  indicate,  especially  in  Case 
XLIV  (one  G.  rnorsitans  seen  to  feed),  that  Stomxys  should  be 
incriminated.  We  would  further  point  out  that  the  diagnosis  of  the 
trypanosomes  in  these  animals  is  based  solely  on  the  morphological 
appearances,  and  that  no  sub-inoculations  were  made.  It  will 
therefore  be  apparent  that  this  also  is  open  to  grave  question,  and 
that  the  so-called  double  infection  may  in  reality  be  but  a  manifesta¬ 
tion  of  morphological  variation  in  a  single  species,  such,  for  example, 
as  Wenyon  and  ourselves  have  noted  in  T .  nanum. 
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T.  dimorphon  (Dutton  and  Todd).  Tadpole 
form  in  dog,  from  naturally-infected  cow. 


t> 


« 

» 


/ 


2.  7’.  dimorphon  (Dutton  and  J'odd).  .Stumpy 

and  long  foi  m  in  guinea-pig,  from  dog. 


'J-  -  dimorpluyn  (Dutton  and  Todd).  Long  form 
guinea-pig,  from  naturalh'-infected  cow. 


4.  T.  dimorphon  (Dutton  and  Todd).  Tadpole  form 
in  goat,  from  guinea-pig,  .showing  long  forms. 
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I.  Kinamwcmla  strain  in  natnraily  infected  cow. 


2.  Xinaniwemla  strain.  Divisional  form  in  "ninea-pi<r_ 
from  naturally  infected  cow. 
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3-  T.  congolense  (Laveran)  ['■:).  Balunwu  strain 
in  natura!l)  -infected  cow. 


4.  T.  congolense  (Laveran)  (r).  Wallace  strain 
in  naturallv-infected  do>(. 
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SANITARY  MEASURES  AND  MALARIA 
EPIDEMICS  OE  ATHENS 


BY 

JOHN  CARDAMATIS, 

ASSOCIATE  PROFESSOR  OF  TROPICAL  DISEASES,  ATHENS. 


(Received  for  publication  2  June,  1909) 


It  is  well  known  that  for  a  good  many  years  past,  severe  and 
widespread  malarial  fevers  have  afflicted  the  inhabitants  of  the  two 
large  districts  of  Athens,  Pangrati  and  Vatrachonisi ;  and  according 
to  my  studies  since  1900  as  well  as  the  statistical  information  of  the 
local  doctors  of  the  above  two  districts,  there  has  for  a  long  time 
been  much  suffering  from  malaria.  The  morbidity  varied  between  25 
and  30  per  cent.,  not  counting  the  epidemic  of  the  years  1885,  1886, 
etc;  but  from  1901  to  1906,  before  putting  in  force  the  sanitary 
measures  and  during  the  epidemic  )/ears,  it  has  ranged  from  49^09 
per  cent,  to  92-85  per  cent. 

This  amazing  prevalence  of  the  epidemic  has  absorbed  the  entire 
attention  of  the  League ;  and  as  soon  as  the  League  was 
formed,  it  entrusted  me  to  explore  the  sources  and  causes  of  the 
malaria  fever,  and  to  ascertain  by  what  means  sanitary  measures 
could  be  carried  out  for  the  above  two  districts  of  the  city  of  Athens 
(whose  inhabitants  number  8,000). 

The  cause  of  the  said  epidemic,  as  I  ascertained,  was  the  Illisus 
river,  in  whose  pools  of  stagnant  and  polluted  waters,  innumerable 
legions  of  Anopheline  mosquitoes  were  hatching. 

In  these  stagnant  pools  I  observed,  in  1901 -1907,  only  one  species 
of  Anopheline,  viz,,  P.  superpictus,  but  in  my  research  during  the 
year  1908  I  discovered  a  new  species  of  Anopheline,  as  yet 
undescnbed,  different  from,  but  close  to  P.  superpictus ;  my  opinion 
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being  confirmed  by  Mr.  Newstead,  of  the  Liverpool  School  of  Tropical 
Medicine,  to  whom  I  sent  specimens  for  examination. 

To  remove  the  causes  of  the  malaria,  I  proposed  two  ways: 
first,  temporary  works  of  sanitation  to  be  repeated  each  spring,  and 
secondly,  the  building  of  permanent  works. 

The  second  proposition  was  not  approved  for  lack  of  sufficient 
funds,  but  temporary  works  were  preferred,  which  consisted  in  the 
transformation  of  the  branches  and  small  tributaries  of  the  Illisus 
river-bed,  by  filling  them  up,  by  excavation  and  removing  rocks  ;  so 
that  the  flowing  water  might  be  concentrated  in  a  sloping  narrow 
channel  in  such  a  way  as  to  run  free  without  an  impediment. 

The  work  done  by  me  for  the  first  time,  in  the  year  1906,  on 
account  of  its  beginning  late  in  the  season,  afforded  small  relief, 
because  the  Anophelines  had  already  hatched  before  the  work  was 
commenced  ;  in  consequence  of  which  the  progress  of  malaria,  as  will 
be  seen  in  the  Table  below,  could  not  be  prevented. 

In  the  second  year,  1907,  the  work  was  begun  in  the  latter  part 
of  the  month  of  May  in  Pangrati  district,  and  a  little  later  in  a 
branch  of  the  Illisus  river,  viz.,  from  the  Iton  bridge  of  Vatrachonisi 
district  up  to  Rizarios  Seminary.  The  w^ork  contributed  to  a  large 
extent  to  the  reduction  of  the  malaria,  because  in  the  Pangrati 
locality,  where  the  work  of  sanitation  began  early  in  the  season,  the 
morbidity  from  malaria  dropped  to  2  to  3  per  cent.,  whereas  in 
Vatrachonisi  district,  where  the  work  was  commenced  later  in  the 
season  or  in  the  beginning  of  summer,  the  morbidity  was  from  25  to 
30  per  cent. 

'  In  the  year  1908,  the  third  year  of  the  sanitary  measures,  they 

were  carried  out  on  all  the  branches  or  rivulets  of  the  Illisus  river 
in  time,  i.e.,  before  the  summer  season.  The  malaria  was,  as  1  have 
ascertained,  greatly  reduced  ;  and  as  the  League  was  informed  by 
the  local  doctors,  the  morbidity  caused  by  malaria  fell  to  i  per  cent. 

'  \  _  The  sanitary  measures  in  the  above  two  districts,  without  making 

any  use  of  preventives,  such  as  quinine,  etc.,  have  proved  of  great 
value  in  suppressing  malaria. 

Confirmation  of  the  splendid  results  in  suppressing  malaria  of  the 
above  sanitary  measures  is  plainly  afforded,  not  only  by  the 
'  s  examination  of  the  sick  rate  among  little  children,  but  by  the 

'  ®  examination  of  their  spleens. 
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CO.MPARATIVE  TABLE  OF  THE  SiCKNESS  CAUSED  BY  MALARIA 
AMONG  THE  CHILDREN  IN  THE  DISTRICTS  OF 

Pangrati  and  Vatrachonisi. 


Before  the  Sanitary  Measures. 


Number  of 

Children 

Summer 

Infected 

.Sick  rale 

*  280  . 

1901 

. . . .  260  . 

92-85% 

200  . 

1902  ... 

. ..  160  . 

80% 

235  . 

1903  ... 

...  192  . 

00 

0 

180  . 

1904  ... 

•••  89  . 

49-09% 

200  . 

1905  ... 

CO 

Cn 

92-50% 

1095 

886 

80-90% 

After 

the  Sanitary  Measures. 

Number  of 

Children 

Summer 

Infected 

Sick  rate 

t  301  . 

1 906  . . . 

17;  . 

58-80% 

t  345  . 

1907  ... 

73  . 

2115% 

§  300  . 

1908  ... 

8  . 

2-66% 

946 

258 

27-27% 

Examination  of  the  sfleen  of  the  above  children  in  iQoy. 

Of  1 86  children  examined  in  April,  1907,  29,  or  15 '59  per  cent., 
had  enlarged  spleen. 

Of  345  children  examined  in  November,  1907,  10,  or  2 ’89  per  cent, 
had  enlarged  spleen. 

Examination  of  the  spleen  of  the  same  children  in  igoS. 

Of  290  children  examined  in  April,  1908,  6,  or  2  per  cent.,  had 
enlarged  spleen. 

Of  300  children  examined  in  November,  1908,  none  had  enlarged 
spleen. 


*  The  .'statistics  from  1901-1904  were  made  in  collaboration  with  Professor  Pezapoulos. 
t  The  measures  were  taken  late  in  the  season, 
t  Ihe  measures  were  taken  in  time. 

§  The  measures  were  taken  in  time. 


378 


CONCLUSIONS 

Studying  my  statistics,  I  observe  that  the  malaria  for  the  period 
of  five  years  before  the  undertaking  of  the  sanitary  measures  reached 
8o'g  per  cent. ;  after  the  period  of  three  years,  from  the  beginning 
of  these  measures,  malaria  among  the  children  was  reduced  to  i  per 
cent. ;  consequently  we  come  to  the  conclusion  that  the  suppression 
of  malaria,  and  the  restoring  to  health  of  Pangrati  and  Vatrachonisi, 
are  entirely  due  to  the  undertaking  of  sanitary  measures  in  the 
river-bed  of  the  branches  of  the  Illisus  river. 

We  can,  therefore,  wage  war  on  malaria  with  good  results  in  a 
country  if  we  proceed  to  disinfect  it  as  described. 

The  photographs  show  sections  of  the  Illisus  river  before  and 
after  the  operations. 
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AN  ACCOUNT  OF  A  FORM  OF 
SPLENOMEGALY  WITH  HEPATIC 
CIRRHOSIS,  ENDEMIC  IN  EGYPT 


BY 

li.  H.  DAY,  M.D,  B.S.  (Lond.),  M.R.C.P, 

MEDICAL  TUTOR  AND  REGISTRAR,  KASR-EL-AINY  HOSPITAL,  CAIRO, 

AND 

A.  R.  FERGUSON,  M.D.,  C.M, 

PROFESSOR  OF  PATHOLOGY,  GOVERNMENT  SCHOOL  OF  MEDICINE,  CAIRO. 

{Received  for  publication  30  July,  1909) 

INTRODUCTORY 

All  medical  men  who  have  had  experience  of  native  practice  in 
Egypt  are  aware  of  the  frequency  of  cases  of  ascites  due  to  hepatic 
cirrhosis.  Thus  we  find  that  such  cases  account  for  4  per  cent,  of 
admissions  to  the  medical  wards  of  Kasr-el-Ainy  Hospital,  Cairo,  as 
compared  with  0  9  per  cent,  in  the  large  London  hospitals.  This 
fact  is  striking,  as  it  occurs  in  a  country  where  the  large  majority  of 
the  inhabitants  are  Moslems  and  alcoholic  excess  is  rare.  Moreover, 
its  prevalence  in  children,  and  peculiar  clinical  and  pathological 
characters,  easily  distinguish  it  from  the  ordinary  European  variety. 

Familiarity  with  the  condition  of  the  liver  and  spleen  in  such 
cases  enables  one  to  recognise  the  great  prevalence  of  the  disease 
in  an  earlier  stage,  before  the  onset  of  ascites.  An  enlargement  of 
both  these  viscera  is  frequently  noted  in  patients  admitted  for  various 
complaints,  and  the  liver  may  be  felt  in  all  stages  of  cirrhosis. 
Finally,  it  is  a  common  experience  to  find  splenic  enlargement  without 
obvious  hepatic  changes  in  patients  who  present  no  history  nor  signs 
of  malarial  infection. 

The  notorious  difficulties  of  tracing  hospital  patients  at  home 
are  as  nothing  compared  with  the  impossibility  of  obtaining  any 
reliable  information  whatever  of  the  antecedent  or  subsequent 
histories  of  native  patients  seen  in  hospital.  Only  large  experience 


380 

can  partly  remedy  this  defect,  and  the  history  and  course  of  the 
disease  must  be  gathered  more  from  careful  observation  of  patients 
admitted  in  various  stages  rather  than  from  a  senes  of  individual 
cases  followed  from  the  commencemenl  to  the  end. 

GENERAL  ETIOLOGY 

Incidence.  Hepatic  cirrhosis  must  be  considered  one  of  the 
common  diseases  which  affect  the  native  Egyptian,  although  much 
less  prevalent  than  trachoma,  ankylostomiasis  and  bilharziosis.  A 
census  of  native  patients  in  the  medical  wards  of  Kasr-el-Ainy 
Hospital  showed  that  over  4  per  cent,  were  admitted  for  ascites,  and 
no  less  than  another  16  per  cent,  had  the  disease  in  easily  recognisable 
form,  while  an  additional  ;  per  cent,  had  chronic  splenic  enlargement 
which  in  most  instances  represented  the  earliest  stage  of  the  disease. 

This  cirrhosis  frequently  complicates  ankylostomiasis  and 
pellagra,  and  is  especially  common  when  these  two  diseases  exist  in 
combination.  This  association,  while  striking  clinically,  has  little 
direct  relationship,  for  advanced  cases  of  both  diseases  generally 
show  no  signs  of  cirrhosis  during  life  or  at  autopsy.  Further, 
ankylostomiasis  and  pellagra  are  the  two  commonest  diseases  on  the 
returns  from  the  medical  side. 

A  truer  idea  of  the  prevalence  of  the  disease  is  afforded  by  the 
results  of  a  special  routine  examination  of  all  native  patients  admitted 
to  the  surgical  and  eye  sections  (septic  cases  excluded).  Of  a  total 
of  300  of  all  ages  : 

8  per  cent,  had  splenic  enlargement  (chronic). 

3'3  per  cent,  had  enlargement  of  the  liver  and  spleen. 

2' 3  per  cent,  had  definite  cirrhosis  with  enlarged  spleen. 

This  total  is  not  large  enough  to  show  the  incidence  at  each  decade 
with  accuracy,  but  the  results  so  far  bear  out  the  age  incidence 
recorded  below.  On  this  point  an  interesting  investigation  has 
already  been  begun  by  Dr.  E.  H.  Ross,  Medical  Officer  of  Health  for 
Cairo,  who  examined  over  7,000  children  under  16  years  of  age  and 
found  6' 8  per  cent,  with  enlarged  spleens. 

A  ge.  The  appended  chart  shows  the  numbers  and  ages  of  cases 
admitted  during  two  years,  in  two  curves,  the  continuous  line  showing 
the  age  incidence  among  patients  with  well-established  disease  and 
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the  interrupted  the  ages  of  those  admitted  with  hepatic  ascites.  It 
will  be  seen  on  comparison  that  this  disease  is  most  common  after 
twenty-five,  and  that  the  onset  of  ascites  is  generally  postponed  for 
five  or  more  years.  The  irregularity  of  the  fall  in  the  latter  group  is 
probably  due  to  the  difficulty  in  estimating  the  age,  as  native  patients 
are  quite  ignorant  on  this  point. 

Chart  Showing  Age  Incidence 

Age—  5  10  15  20  25  30  35  40  45  50  55  60— Age. 


Sex.  According  to  the  above  return  the  disease  is  equally 
prevalent  in  either  sex.  The  special  census  of  hospital  patients 
showed  a  decided  predominance  in  the  male  sections,  but  this  may 
be  explained  by  the  small  numbers  of  young  female  adults  admitted 
of  the  age  at  which  the  disease  is  most  common.  A  family  history 
was  rarely  obtainable,  but  little  reliance  can  be  placed  on  such 
statements,  which  only  special  village  investigation  can  establish  or 
disprove. 

Symptoms 

Although  in  its  later  stages  this  disease  presents  a  characteristic 
picture,  its  onset  is  unattended  by  any  constant  symptom  e.xcept  a 
slow  painless  enlargement  of  the  spleen.  Upon  examination  this 
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organ  is  felt  slightly  enlarged,  of  a  firmer  consistence  than  normal, 
descending  one  or  two  finger-breadths  below  the  costal  margin  on 
inspiration.  Some  degree  of  anaemia  is  the  rule  rather  than  the 
exception  among  the  native  population  owing  to  the  prevalence  of 
ankylostomiasis,  but  is  not  a  special  feature  of  these  cases. 

Inquiry  among  patients  in  a  later  stage  of  the  disease  showed 
that  no  symptom  other  than  abdominal  enlargement  and  discomfort 
had  been  noticed  in  5  5  per  cent. ;  29  per  cent,  described  an  onset 
with  fever  of  an  irregular  type  persisting  a  month  or  longer,  while 
the  remaining  16  per  cent,  dated  their  trouble  from  an  attack  of 
dysentery  or  prolonged  diarrhoea.  The  exact  significance  of  such 
intestinal  disturbance  is  uncertain,  but  it  must  be  remembered  that 
amoebic  dysentery  is  one  of  the  commonest  diseases  of  Egypt. 

The  second  stage  of  the  disease  is  indicated  by  definite  hepatic 
involvement,  with  increased  enlargement  of  the  spleen,  accompanied 
by  local  and  general  symptoms.  The  blood  shows  the  special 
changes  described  in  a  later  section.  The  clinical  picture  now 
presented  is  by  no  means  identical  in  every  patient,  as  will  appear  on 
comparison  of  the  cases  illustrated  in  the  photos  A,  B  and  C.  The 
following  set  of  symptoms  are,  however,  found  in  every  case,  although 
they  may  vary  in  intensity  in  different  patients  or  at  different  times 
in  the  same  patient. 

(1)  Wasting.  In  most  patients  the  disease  is  suggested  by  their 
appearance.  Instead  of  the  extreme  pallor  with  retention  of 
fat  which  characterises  ankylostomiasis,  or  the  emaciation  with 
localised  pigmentation  distinctive  of  pellagra,  we  find  a  moderate 
anaemia  with  more  or  less  wasting.  The  combination  of  marked 
anaemia  with  wasting  in  an  Egyptian  generally  indicates  the  co¬ 
existence  of  ankylostomiasis  and  cirrhosis. 

(2)  Fever.  The  great  majority  of  cases  show  slight  fever  of  an 
irregular  type.  In  63  per  cent,  this  did  not  exceed  3;'5.  but  in  28  per 
cent,  there  were  excursions  up  to  38,  and  in  9  per  cent,  this  tempera¬ 
ture  was  exceeded.  Occasionally  patients  may  show  high  fever  for 
some  weeks  due  to  an  exacerbation  of  the  disease  itself  and  not  to 
any  complication.  The  temperature,  as  in  Case  C,  may  show  a 
double  remission  in  the  twenty-four  hours,  similar  to  that  described 
in  Kala-azar. 


TA  li  4 


i:-, 


383 


(3)  Local  symplovis  and  signs.  A  dragging  pain  in  the  Irfl  side 
clue  to  the  enlarged  spleen  is  common.  Discomfort  after  meals  and 
tenderness  over  the  hypochondrium  is  generally  present  at  some 
stage,  caused  by  commencing  perisplenitis  and  perihepatitis.  In 
advanced  cirrhosis,  congestion  of  the  stomach  and  fixation  by 
adhesions  may  set  up  a  chronic  dyspepsia  which  the  patient  seeks  to 
relieve  by  inducing  vomiting  after  a  heavy  meal.  Ilaeniatemesis  is 
not  common,  but  may  be  the  first  symptom  of  the  disease  and  be 
accompanied  by  other  signs  of  portal  congestion.  These  complaints 
are  often  illustrated  by  the  scars  of  cauteries,  setons,  etc.,  with  which 
the  patient  has  sought  to  relieve  his  pain.  See  photos  A  and  D. 

Upon  examination  the  abdomen  is  seen  to  present  the  charac¬ 
teristic  shape  illustrated  in  Plates  VIII,  IX,  X.  There  is  an  outward 
expansion  of  the  lower  ribs,  a  widening  out  of  the  costal  angle,  and 
a  general  enlargement  of  the  upper  part  of  the  abdomen  —often  with 
separation  of  the  recti  muscles — the  result  of  the  pressure  exerted 
by  the  enlargement  of  the  liver  and  spleen,  which  may  indeed  form 
visible  swellings. 

The  condition  of  these  viscera  varies  within  considerable  limits, 
and  is  influenced  by  the  duration  and  severity  of  the  disease,  and 
possibly  also  by  the  age  of  the  patient.  The  liver  is  felt  uniformly 
enlarged,  smooth  at  first  and  of  firmer  consistence  than  normal. 
Later  this  enlargement  is  attended  with  fibrotic  contraction  which 
gives  it  an  irregular  granular  surface.  The  largest  liver  noted  in 
this  stage  measured  six  inches  downwards  from  the  costal  margin 
m  the  nipple  line.  With  increasing  cirrhosis  the  organ  shrinks,  but 
IS  larely  reduced  to  less  than  its  normal  weight.  When  the  spleen  i.s 
much  enlarged  the  hepatic  changes  are  obscured,  since  this  organ 
is  displaced  upwards  and  to  the  right. 

The  spleen  attains  its  greatest  dimensions  when  the  disease  is 
advancing  rapidly,  more  especially  in  young  subjects  below  the  age 
of  20.  Two  illustrative  cases  are  shown  in  Plates  VllI  and  X.  In 
such  patients  it  may  reach  some  distance  beyond  the  umbilicus,  and 
the  diaphragm  with  the  thoracic  viscera  are  displaced  upwards.  It 
may  overlap  the  liver  if  the  latter  be  also  much  enlarged. 

With  the  gradual  development  of  hepatic  cirrhosis  the  spleen 
becomes  much  harder  and  may  shrink  somewhat.  Thus  the  state  of 
the  liver  can  generally  be  inferred  from  the  consistence  of  the  spleen, 


for  if  the  latter  be  hard,  even  if  only  projecting  a  finger  breadth 
below  the  costal  margin,  hepatic  changes  are  certain  to  be  advanced. 
Adhesions  may  prevent  the  descent  of  the  spleen,  and  in  some  cases, 
where  the  liver  has  been  markedly  cirrhosed,  the  former  organ  could 
not  be  felt  on  abdominal  examination. 

The  duration  of  this  stage  may  apparently  be  indefinite.  The 
longest  interval  noted  before  the  appearance  of  ascites  was  fifteen 
years.  Many  mild  cases  may  show  no  further  symptoms,  and  the 
progress  of  the  disease  be  arrested  or  the  patient  be  carried  off  by 
some  intercurrent  illness.  (Plate  XL) 

The  disease,  however,  attracts  most  notice  when  the  hepatic 
cirrhosis  is  followed  by  ascites  with  its  attendant  miseries.  This 
serious  event  may  be  due  to  the  gradual  obliteration  of  hepatic 
vessels,  but  in  many  cases  the  history  suggests  that  a  fresh  infection, 
acting  on  an  already  cirrhotic  organ,  may  be  responsible.  Evidences 
of  portal  congestion,  such  as  nausea,  vomiting,  haematemesis, 
melaena  and  haemorrhage  from  the  bowel  or  from  piles  may  precede 
its  onset.  Rapid  emaciation  follows. 

At  this  stage  the  patient  presents  the  familiar  picture  of  cirrhotic 
ascites.  (Plate  XI 1.)  The  pinched  features  and  wasted  limbs 
offer  a  striking  contrast  to  the  greatly  swollen  abdomen.  The  effect 
of  the  high  intra-abdominal  pressure  is  seen  in  the  protuberant 
umbilicus  and  network  of  dilated  superficial  veins  which  return  blood 
from  the  oedematous  legs  into  anastomoses  with  the  thoracic  vessels. 
Jaundice  is  rare  except  as  a  terminal  event.  Upon  palpation  the 
cirrhosed  liver  can  usually  be  felt  in  the  epigastric  angle,  and  the 
enlarged  spleen  recognised  by  ‘  dipping.’  Most  cases  with  ascites 
require  tapping  on  admission,  and  this  has  to  be  repeated  on  an 
average  every  ten  days,  about  eight  kilos  being  withdrawn  on  each 
occasion.  After  removal  of  the  fluid  these  organs  can  be  better 
investigated,  when  the  liver  is  more  often  found  enlarged  than 
contracted,  and  the  spleen  hard  and  of  considerable  size.  The  heart 
is  displaced  upwards,  the  urine  may  show  traces  of  albumen,  and 
congestion  of  the  bases  of  the  lungs  with  bronchitis  usually  follows. 
These  latter  signs  may  be  an  indication  of  heart  failure  and  be 
complicated  by  the  development  of  hydrothorax. 

The  duration  of  this  stage  is  considerably  shorter,  and  may  be 
reckoned  in  months  instead  of  years ;  the  consequent  prognosis  ’S 


385 


much  the  same  as  in  the  alcoholic  variety.  The  records  of  fatal  cases 
show  that  death  occurred  on  an  average  four  months  after  the 
appearance  of  ascites ;  the  longest  interval  was  four  years. 
Occasionally  one  meets  cases  where  the  patient  has  been  temporarily 
or  permanently  cured.  Thus  two  patients  were  tapped  and  remained 
free  from  ascites  for  three  and  a  half  and  twelve  years  respectively. 
A  recurrence  in  the  latter  case  proved  fatal,  and  at  the  autopsy  no 
sign  of  syphilitic  disease  was  discovered.  Operation  omentopexy 
has  not  so  far  given  encouraging  results,  perhaps  owing  to  the 
advanced  state  of  the  disease  at  the  time. 

The  immediate  cause  of  death  was  commonly  hepatic  insufficiency, 
the  patients  gradually  passing  into  a  comatose  state — occasionally 
with  jaundice.  Lung  complications  and  heart  failure  from  exhaustion 
account  for  most  of  the  remainder. 

Pathological  Account  of  the  Disease 

A  disease,  characterised  as  this  is,  by  initial  fever,  a  chronic 
course,  and  a  group  of  symptoms  referable  to  slowly  progressive 
changes  in  the  liver,  with  either  concurrent  or  consecutive  changes  in 
the  spleen,  exhibits  many  points  of  resemblance  to  Kala-azar.  We 
have  accordingly,  during  the  past  four  years,  examined  the  blood, 
spleen-pulp,  and  liver  tissue  during  life,  from  such  cases  as  illustrated 
the  many  clinical  features  in  typical  fashion. 

Before  proceeding  to  summarise  the  results  of  these  observations, 
it  may  at  once  be  said  that  we  have  never  found  in  material  taken 
from  spleen  or  liver  any  parasites  with  the  characters  of  the 
Leishman-Donovan  body. 

The  blood  has  been  examined  by  us  in  upwards  of  forty  cases. 
Ihe  majority  of  these  were  admitted  to  hospital  for  the  relief  of 
ascites,  cirrhotic  change  m  the  liver  with  splenic  enlargement  being 
already  well  established.  The  degree  of  anaemia  is  sometimes 
extreme,  only  1,330,000  red  corpuscles  per  cubic  mm.  being  recorded 
n  one  of  our  cases.  The  average  number  of  red  corpuscles  per 
cubic  mm.  in  the  forty  cases  examined  wms  2,635,440.  The  red 
corpuscles  exhibit  very  considerable  variations  in  size  in  the  more 
advanced  stages  of  the  disease,  although  the  discoid  form  is  usually 
preserved.  Polychromatophilia  is  frequently  observed,  chiefly 


affecting-  the  larger  corpuscles,  but  the  occurrence  of  nucleated  red 
corpuscles  is  a  very  rare  phenomenon. 

With  regard  to  the  white  cells,  a  definite  leucopenia  has  always 
been  found  during  what  may  be  called  the  hospital  phase  of  the 
disease.  Thus,  the  average  leucocyte  count  in  the  series  of  cases 
examined  was  4,503  per  cubic  mm.,  and  the  percentage  proportions 
of  the  main  varieties  of  leucocytes  present,  calculated  from  a  series 
of  differential  analyses,  gives  the  following  figures  :  — 

Polymorphonuclear  neutrophiles  .  62-84 

Lymphocytes  .  25-26 

Large  lymphocytes  and  hyaline  cells  .  5‘50 

Eosinophiles  .  6-40 

100-00 


Mast-cells  are  usually  present,  but  seldom  exceed  the  normal 
limit  of  0-5  per  cent.  Neutrophile  myelocytes  were  noted  in  a  small 
proportion  of  the  cases,  but  never  exceeded  O'  5  per  cent. ;  for  the 
sake  of  simplicity,  therefore,  these  two  classes  of  cells  have  been 


omitted  from  the  composite  table.  It  will  thus  be  seen  that  the 
polymorphonuclear  cells  are  relatively  diminished,  while  the  propor¬ 
tions  of  the  other  classes,  and  particularly  of  the  large  hyalme  cells 
and  eosinophiles,  are  distinctly  increased.  A  certain  degree  of 
eosinophilia  is  of  such  frequent  occurrence  in  Egypt,  as  the  result  of 
Bilharzial  or  Ankylostomal  infections,  that  this  feature  of  the  blood 
formula  may  be  at  once  discounted. 

The  bone-maiTOW  has  always  been  found  more  or  less 
profoundly  affected.  That  of  the  ribs  is  almost  always  diffluent, 
its  colour  varying  with  the  degree  of  anaemia.  The  femur 
always  manifests  an  active  transformation  of  its  marrow;  in  some 
cases  this  is  of  a  reddish  gelatinous  character,  and  in  others  it  is  of 
deep  red  colour  and  firm  consistence,  resembling  in  appearance  that 
of  pernicious  anaemia.  In  both  situations  the  hyaline  non-granular 
elements  of  the  marrow  are  very  notably  increased,  the  majority  of 
the  cells  being  of  the  dimensions  of  a  large  lymphocyte  with  pale 
staining  nucleus  of  simple  spherical  form.  The  relative  reduction  of 
the  granular  cells  of  the  marrow,  particularly  of  the  neutrophile 
variety,  is  sometimes  a  marked  feature,  and  is  most  noticeable  in 


387 


marrow  taken  from  the  ribs.  The  marrow  is  also  frequently  the  seat 
of  congestion  and  haemorrhages.  Nucleated  red  corpuscles  are  by 
no  means  abundant,  and  evidences  of  nuclear  activity  in  any  of  the 
types  of  marrow  cells  are  very  rarely  met  with. 

Numerous  examinations  of  the  spleen-pulp,  which  was  either 
withdrawn  during  life,  or  obtained  shortly  after  death,  have  been 
carried  out,  the  result,  as  regards  parasites,  being,  as  above  stated, 
uniformly  negative.  The  material  withdrawn  from  the  spleen-pulp 
during  life  consists  almost  entirely  of  red  corpuscles  with  a  consider¬ 
able  number  of  lymphocytes.  Very  few  of  the  large  mononuclear 
phagocytes  of  the  spleen  are  found  in  the  contents  of  a  syringe 
introduced  into  the  enlarged  and  indurated  organ  so  frequently 
accompanying  the  condition.  In  films  made  post-mortem,  however, 
the  latter  class  of  cell  occurs  in  considerable  numbers  and,  both  in 
films  and  sections,  instances  of  phagocytosis  in  this  type  of  cell  are 
common.  The  presence  of  considerable  numbers  of  granular  cells 
(eosinophiles  as  well  as  neutrophiles)  which  occur  in  post-mortem 
preparations  of  the  spleen-pulp  has  been  frequently  noted,  fragments 
of  such  cells  being  often  found  in  the  macrophages  of  the  spleen. 
To  a  certain  extent,  however,  the  assemblage  of  the  granular  cells  in 
the  spleen-pulp  may  be  an  ante-mortem  phenomenon. 

Condition  of  the  liver.  The  comparatively  frequent  occurrence 
of  cirrhosis  of  the  liver  in  various  degrees,  with  the  usual  morbid 
changes  which  are  associated  with  this  condition,  is  a  fact  which 
soon  impresses  itself  on  the  attention  of  any  one  engaged  in  post¬ 
mortem  work  in  Egypt.  After  the  exclusion  of  types  of  cirrhosis 
which  owe  their  origin  to  alcohol,  tertiary  syphilis  or  Bilharziosis, 
there  yet  remain  a  very  considerable  majority  of  all  the  cases  of 
cirrhosis  encountered  for  which  some  other  explanation  must  be 
sought.  With  regard  to  alcoholic  cirrhosis,  it  may  be  said  at  once 
that  its  occurrence  amongst  a  largely  Moslem  population  is  extremely 
rare.  Tertiary  syphilis  also  does  not  appear  to  manifest  itself 
amongst  Egyptians  in  the  form  of  gumma-formation  and  extreme 
cirrhotic  change  in  the  liver  so  frequently  as  amongst  Europeans,  and 
lastly,  Bilharzial  cirrhosis  is  not  only  comparatively  rare,  but  when 
present  is  so  characteristic  in  appearance  that  it  can  be  easily 
differentiated.  An  analysis  of  the  post-mortem  records  of  the  Kasr- 
El-Ainy  Hospital,  Cairo,  for  the  last  four  years  reveals  the  presence 
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of  cirrhosis  of  the  liver  in  some  degree,  exclusive  of  the- types  above 
mentioned,  in  no  less  than  g'g  per  cent,  of  1,430  autopsies  recorded, 
Of  this  proportion,  4  5  cent,  may  be  said  to  have  died  as  a  direct 
result  of  the  secondary  changes  induced  by  cirrhosis,  exhaustion  after 
repeated  recurrences  of  ascites  being  probably  the  most  frequent 
cause  of  death.  In  the  remainder,  cirrhosis  of  the  liver  was  discovered 
incidentally,  death  m  these  cases  resulting  from  a  great  variety  of 
other  diseases.  In  those  cases  in  which  the  disease  was  more  or  less 
directly  responsible  for  death,  this  occurred  in  the  large  majority  of 
cases  at  about  thirty-five  years  of  age.  Exceptionally,  however,  the 
same  changes  were  encountered  in  subjects  of  over  sixty  years  of  age. 
The  most  typical  morbid  appearances  were  met  with  in  young  subjects 
dying  between  the  ages  of  seven  and  twenty-one  years.  Approxi¬ 
mately  one-third  of  these  cases  was  associated  with  some  enlargement 
of  the  liver  ;  in  the  remaining  two-thirds,  the  organ  was  either  normal 
or  slightly  reduced  in  size. 

The  cases  in  which  cirrhotic  changes  in  the  liver  were  accidentally 
encountered  were  of  the  most  diverse  character.  The  type  of  cirihosis 
met  with  under  these  circumstances  has  been  of  the  fine  diffuse 
variety,  and  not  such  as  to  induce  much,  if  any,  external  alteration 
of  the  organ.  With  few  exceptions,  there  is,  in  these  cases,  a  slight 
general  enlargement  of  the  whole  organ,  as  well  as  a  moderate 
enlargement  of  the  spleen.  Microscopically,  the  evidences  of  cirrhosis 
are  slight,  a  certain  amount  of  cellular  fibrillated  tissue  mixed  with 
lymphocytes  surrounding  groups  of  lobules.  In  a  typical  case  seen 
at  this  stage,  and  undisturbed  by  any  coincident  disease,  the  liver 
cells  were  for  the  most  part  large,  swollen  and  highly  granular.  Their 
nuclei,  stained  by  the  Romanowsky  method,  were  paler  than  usual, 
and  each  contained  several  nucleoli,  which,  by  their  depth  of  staining, 
contrasted  strongly  with  the  remainder  of  the  nucleus.  Here  and 
there,  minute  isolated  foci  of  necrotic  appearance,  surrounded  by 
collections  of  small  mononuclear  cells,  were  met  with,  resembling 
generally  those  seen  in  the  liver  in  typhoid  fever  infections.  Careful 
search  made  both  in  films  and  sections  for  parasites  always  yielded 
negative  results. 

In  cases  where  death  was  directly  attributable  to  the  results  of 
long-established  cirrhosis,  the  picture  presented  by  the  liver  is  very 
different.  The  organ  in  these  cases  is  generally  reduced  in  size, 
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though  never  extremely  so.  In  the  majority  of  cases,  old  adhesions 
due  to  perihepatitis  exist  between  the  convexity  of  the  liver  and 
the  diaphragm,  such  adhesion  being  sometimes  complete  and 
universal.  The  characters  of  the  liver  generally  fulfil  the  picture  of 
a  multilobular  cirrhosis,  the  nodular  projections  on  the  surface  being 
always  small,  firm,  and  closely  set.  In  section,  the  colour  is  generally 
yellow  or  yellowish  brown,  but,  as  in  other  varieties  of  cin-hosis,  many 
variations  in  tint  are  often  seen  in  the  various  groups  of  isolated 
lobules. 

Examined  microscopically,  persistent  islands  of  hepatic  tissue  of 
irregular  size,  mostly  rounded  in  shape,  are  separated  from  one 
anothei  by  extensive  bands  of  cbnnective  tissue  of  somewhat  varying 
character.  The  tracts  of  hepatic  tissue  contain  large,  universally 
granular  liver  cells  ;  these  have  lost  the  more  or  less  regular  ramifying 
arrangement  in  relation  to  lobules — indeed  no  definite  lobules  are 
visible  even  in  the  largest  persistent  tracts. 

The  liver  cells  vary  considerably  in  size,  the  larger  frequently 

containing  two  nuclei,  as  if  compensatory  hepatic  regeneration  is  in 

progress.  The  liver  cells  are  frequently  vacuolated  or  show  other 

signs  of  degeneration  than  the  granular  character  already  mentioned. 

They  sometimes  exhibit  a  very  marked  ‘  vesicular  ’  degeneration.  In 

such  areas,  the  hepatic  cell  nuclei  are  reduced  in  number,  and  those 

which  persist,  stain  more  faintly  than  is  the  rule  elsewhere,  The 

cells  referred  to  have  not  a  definitely  fatty  appearance,  but  suggest 

that  degeneration  products  of  the  protoplasm  have  been  dissolved  out 

in  great  part,  leaving  only  a  hazy,  reticulated  residuum.  The  tracts 

of  connective  tissue  separating  the  hepatic  islands  are  densely 

cellular.  Between  the  connective  tissue  fibrillae  are  multitudes  of 

small  lymphocytes.  Polymorphonuclear  cells,  some  of  which  are 

eosinophiloLis,  occur  fairly  frequently  amongst  them.  In  these  tracts, 

hepatic  cells,  single  or  m  small  groups,  are  found,  showing  pressure 

and  other  changes.  Considerable  numbers  of  small  capillary  vessels, 

with  thin  walls,  are  also  found  in  these  tracts.  Where  the  lymphocytic 

infiltration  is  less  dense,  one  sees  that  spindle-shaped  fibroblastic 

elements  largely  compose  the  tissue.  There  is  a  comparative  absence 

the  increased  duct  formation  common  in  other  varieties  of  hepatic 
cirrhosis. 
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Condition  of  the  spleen.  In  the  entire  series  of  cases  under 
consideration,  enlargement  of  the  spleen  is  the  result.  While  splenic 
enlargement  from  other  causes  is  of  course  frequently  met  with,  it 
may  be  affirmed  generally  that  distinct  and  sometimes  great  enlarge¬ 
ment  of  the  spleen  is  more  regularly  associated,  in  Egypt,  with 
cirrhosis  of  the  liver  than  with  conditions  unconnected  primarily  with 
this  organ.  As  might  be  anticipated,  the  greatest  degree  of  enlarge¬ 
ment  is  found  in  cases  w^here  the  cirrhosis  is  of  the  more  advanced 
and  contracted  type  just  described.  In  several  such  cases,  the  weight 
of  the  spleen  has  been  between  1,000  and  1,250  grammes,  and  in  one 
case  (that  of  a  girl  aet.  fourteen  with  advanced  cirrhosis)  the  weights 
of  the  liver  and  spleen  were  identical,  viz.,  1,450  grammes.  Apart 
from  such  exceptional  instances,  however,  the  average  weight  of  the 
organ  has  been  found  to  be  450  grammes. 

Tn  consistence,  the  spleen  is  firm,  frequently,  indeed,  quite  hard, 
and  presents  a  uniformly  and  deeply  congested  pulp  in  which  the 
Malpighian  bodies  are  generally  only  detected  with  difficulty. 

Apart  from  the  facts  already  stated  in  connection  with  the 
examination  of  the  splenic  tissue  in  films  stained  by  the  Giemsa  or 
Romanowsky  methods,  the  examination  of  sections  of  splenic  tissue 
has  yielded  few  results  of  any  significance. 

These  may  be  summarised  as  follows  :  — 

(1)  Hyperplasia  of  the  lymphocytic  elements  of  the  pulp. 

(2)  General  increase  of  the  connective  tissue.  This  occurs  either 
in  the  form  of  a  definite  increase  of  the  compact  fibrous  trabeculae 
of  the  organ,  or,  in  the  case  of  the  larger  spleens,  as  an  infiltration 
of  spindle-shaped  cells  diffusely  distributed  throughout  the  entire 
pulp. 

(3)  Distension  and  congestion  of  the  vascular  sinuses  and  frequent 
interstitial  haemorrhages. 

(4)  Active  pheigocytosis  on  the  part  of  the  macrophages  towards 
red  corpuscles  and  leucocytes.  The  occurrence  of  intracellular 
pigment  from  the  former  source,  is  commonly  noted. 

Condition  of  the  intestine.  In  view  of  the  lesions  reported  in  the 
intestine  in  cases  of  Kala-Azar,  the  condition  of  the  bowel  has  always 
been  carefully  scrutinised.  It  is  not  possible,  however,  in  our  opinion, 
to  uphold  the  association  of  any  definite  lesion  of  the  intestine  with 
the  condition  in  question,  notwithstanding  the  clinical  fact  that 
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intestinal  symptoms  are  very  commonly  a  feature  of  the  disease  in 
the  earlier  part  of  its  course.  The  intestine,  in  about  a  quarter  of 
the  cases  examined,  has  presented  various  lesions.  .Some  of  these 
had  all  the  characters  of  dysenteric  ulceration  either  in  an  active  or 
chronic  form.  Others  showed  an  enterocolitis,  affecting;  principally 
the  lower  part  of  the  ileum  and  the  entire  colon,  the  inflamed  surface 
being  covered  with  a  thin,  irregular  membranous  exudation.  In  a  few 
cases,  multiple  small  oval  ulcers  of  the  colon  were  present.  Tlieir 
longer  axes,  generally  less  than  one  cm.  in  length,  were  transverse  to 
the  long  axis  of  the  bowel,  and  their  edges  were  slightly  raised,  soft 
and  crateriform.  Microscopical  examination  of  such  lesions  has,  so 
far,  yielded  negati\'e  results,  as  regards  the  presence  in  them  of  any 
unitstial  parasites.  , 


CRITICAL  SUMMARY 

Whatever  the  ultimate  explanation  of  the  condition  dealt  with  in 
this  paper  may  be,  we  feel  that  it  constitutes  a  clinical  and  patho¬ 
logical  entity  the  result  of  some  infective  agent  of  which  we  are  as 
yet  ignorant.  The  possibility  that  either  Bilharziosis  or  Ankylo¬ 
stomiasis  can  have  any  causal  relationship  with  this  disease  cannot,  in 
the  light  of  our  statistical,  clinical  and  pathological  evidence,  be 
admitted.  Bearing  in  mind  the  condition  of  the  blood  and  bone- 
marrow  which  characterises  the  disease,  the  deduction  seems  reason¬ 
able  that,  if  it  be  produced  by  an  infective  agent,  this  is  more  likely 
to  be  found  of  protozoan  than  bacterial  nature.  In  this  connection, 
the  recent  discovery  by  one  of  us  (A.  R.  F.)  of  large  numbers  of  a 
]iarasite  having  the  closest  resemblance  to  that  of  Rala-Azai,  and 
probablv'  identical  with  that  found  in  the  Delhi  Soie  and  Aleppo  Boil, 
pccurriiig  in  ulcerated  papillomatous  lesions  on  the  limbs  of  Egyptian 
fellaheen,  is  not  without  significance.  Dr.  Bitter,  Bacteriologist  to 
the  Government  Department  of  Public  Ilealth,  Cairo,  has  also  found 
similar  bodies  in  a  lesion  of  this  nature.  It  must  be  boine  in  mind, 
further,  that  our  numerous  attempts  to  find  parasites  in  the  internal 
organs  have  generally  been  carried  out  on  patients  alieady  fai 
advanced  in  the  disease.  Kala-Azar,  while  closely  resembling  the 
condition  which  we  have  described  m  certain  respects,  diffeis  from  it 
in  others.  Thus,  the  febrile  onset,  chronic  course,  presence  of 
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intestinal  symptoms,  the  aspect  of  the  patient  in  the  advanced  stages 
the  condition  of  the  blood,  bone-marrow  and  spleen,  are  very  closely 
similar  in  both  affections.  Kala-Azar,  however,  in  the  following 
particulars,  apart  from  certain  clinical  features,  differs  from  the 
condition  to  which  we  have  called  attention 

(1)  The  presence  of  a  crusted  papular  eruption  or  of  ulcers  on  the 
limbs,  containing  the  parasite. 

(2)  The  presence  of  intestinal  ulcers,  chiefly  in  the  colon,  also 
containing  the  parasite  in  small  numbers. 

(3)  The  tendency  to  noma  and  local  areas  of  gangrene,  as  well  as 
to  internal  haemorrhages. 

(4)  The  condition  of  the  liver.  In  sporadic  Kala-Azar,  according 
to  Rogers  observations,  the  liver  showed  marked  cirrhotic  changes 
in  four  out  of  forty-eight  cases  examined  post-mortem,  while  slight 
degrees  of  fibrosis  were  observed  in  a  certain  additional  number. 
In  the  condition  we  are  describing,  however,  hepatic  changes  in  various 
degrees  form  an  integral  part  of  the  malady  at  different  stages,  and 
are  constantly  met  with.  Again,  the  type  of  cirrhosis  met  with  is 
portal  in  character  and  not  intralobular,  as  described  by  Rogers  for 
Kala-Azar.  And  lastly,  '  the  persistence  of  the  parasites  in  the 
advanced  cirrhotic  stage  of  the  organ,’  as  noted  by  Rogers  in  Kala- 

Azai,  is  a  feature  which  stamps  a  distinctive  character  on  the  liver 
in  this  affection. 

For  several  reasons  also  we  arc  unable  to  accept  the  view  that 
chronic  malaria  can  be  held  responsible  for  this  class  of  case.  Tlie 
comparative  rarity  of  malaria  in  Cairo  may  be  gauged  from  the  fact 
that  not  more  than  one  or  two  cases  are  seen  at  hospital  in  the  course 
of  a  year.  Further,  in  the  small  proportion  of  cases  of  splenomegaly 
and  ciiihosis  accompanied  by  distinct  fever  there  were  no  recurrent 
paroxysms,  nor  was  the  condition  ameliorated  by  even  considerable 
doses  of  quinine.  Other  reasons,  founded  on  the  pathological 
appearances,  are  the  followiiip- :  — 

o 

(1)  The  entile  absence  of  any  signs  of  malaria  parasites  (particu¬ 
larly  the  ‘gametes’  of  former  aestivo-autumnal  infections)  in  our 
numeious  examinations  of  the  blood,  and  more  particularly,  of  tlie 
-Spleen-pulp,  in  these  cases. 

(2)  The  absence  of  pigmented  leucocytes  in  the  circulation  or  in 
the  viscera. 
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(3)  The  absence  of  visceral  pigmentation  in  those  situations 
commonly  so  affected  in  malaria. 

(4)  The  character  of  the  changes  in  the  bone-marrow. 

(5)  The  achmnced  degree  and  coarse  character  of  the  cirrhotic 
changes  in  the  liver.  It  is,  in  our  opinion,  extremely  doubtful  whether 
malaria  of  itself,  however  severe  or  prolonged,  can  give  rise  to  such 
pronounced  cirrhotic  change. 

The  cliff ei entiation  of  this  disease  Irom,  or  the  determination  of 
its  possible  relationship  with,  other  forms  of  splenomegaly,  such  as 
chronic  splenic  anaemia,  Eanti’s  disease,  and  that  found  in  marasmic 
infants  suffering  from  gastro-enteritis,  presents  very  considerable 
difficulties.  To  these,  and  closely  allied  to  the  last  form,  must  be 
added  a  very  similar  but  incompletely  investigated  condition,  known 
under  the  name  of  ‘  Ponos,’  and  met  with  in  certain  islands  of  the 
Greek  Archipelago. 

That  all  these  conditions,  including  that  with  which  we  have  to 
deal  in  Egypt  are  referable  to  intestinal  infection  or  toxaemia,  is  hi 
the  highest  degree  probable ;  and  the  view,  so  frequently  urged  by 
Continental  writers,  that  certain  of  them  (viz.,  the  splenomegaly  of 
marasmic  infants,  chronic  splenic  anaemia,  and  Banti’s  disease)  may 
all  represent  chronologically  different  stages  of  essentially  the  same 
disease,  may  ultimately  be  found  to  be  true.  But,  until  the  essential 
identity  and  continuity  of  this  prolonged  process  has  been  more 
regularly  and  constantly  established,  it  appears  necessary  to  retain  the 
name  ‘  chronic  splenic  anaemia  ’  for  what  must  be  regarded,  from  the 
point  of  view  of  this  hypothesis,  as  the  intermediate  stage  of  the 
process. 

The  condition  which  we  describe  is  thus  seen  to  differentiate 
itself  at  once  from  splenic  anaemia  by  the  regular  coincidence  of 
hepatic  changes  which,  up  to  a  certain  stage,  advance,  pari  passu, 
with  those  in  the  spleen,  and  taking  the  lead  in  the  later  stages, 
become  larg-ely  responsible  for  the  train  of  events  leading  to  a  fatal 
issue. 

Ihere  remains  the  question  of  its  identity  with,  or  relation  to, 
Banti’s  disease.  It  may  at  once  be  said  that  the  existing  records  of 
the  latter  disease — comparatively  restricted  in  number — do  not  permit 
of  any  differentiation  between  the  two  conditions.  For  the  present, 
therefore,  we  may  be  content  to  remark  that,  closely  comparable,  if 
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iioL  identical  lonns  of  spleiioiiiegaly  with  liepatic  cirrhosis  occur  butli 
in  the  South  of  Europe  and  in  the  northern  part  of  the  Egyptian 
Delta  . 

We  have  endeavoured  to  ascertain,  hitherto  whth  indefinite  result, 
whether  this  condition  also  exists  in  those  countries  to  the  west  of 
Egypt  forming  the  African  littoral  of  the  IMediterrancan,  and  also  in 
Syria.  It  will  probably  be  found  not  to  be  limited  in  distribution  to 
Egypt,  and  indeed,  may  elsewhere  at  present  be  confused  with,  or 
classified  under,  other  forms  of  splenomegaly,  such  as  that  occasioned 
by  malaria. 

It  is  wdth  the  object  of  emphasising  its  distinct i\c  character,  its 
prevalence  in  Egx'pt,  and  of  draw'ing  the  attention  of  others  at  wwk 
in  the  Near  East  to  the  condition,  that  this  paper  has  been  written. 

PLATES  VIII-XII 

Note.  The  outlines  of  the  viscera  in  the  cases  illustrated  were 
outlined  wdth  aniline  pencil  before  photographing. 


PLATE  VIII 


Case  A. — Male  :  aged  13.  History  of  splenic  enlargement  and  local  pain 
for  one  year.  Xo  fever.  Spleen  punctured :  no  parasites  found, 
lllood  count ;  Red  corpuscles,  3,960,000;  White,  4,157. 


Case  B. — Male :  aged  25.  Nq  special  symptoms  noticed  by  patient, 
duration  of  illness  unknown.  Temperature  normal.  '  I^iver  especially 
enlarged  and  hard.  Chronic  type;  had  wasted. 


PLATE 


X 


Case  Male  :  aged  22.  Illness  began  three  years  ago  with  dysentery; 
has  got  much  worse  the  last  eight  months.  High  remittent  fever,  39°  C. 
on  admission,  continuing  weeks.  Abdomen  distended  by  splenic 
tumour;  liver  slightly  enlarged,  displaced  upwards  and'  tender. 
Ulood  count  :  Reds,  2,896,000;  White,  6,200.  Sjjleen  punctured  three 
times  with  negative  findings.  Sub-acute  type,  rapid  emaciation. 


Pl.ATK  XI 


(_ASK  D  — Male  :  aged  40.  Had  haeniatemesis  two  years  ago  with 
occasional  diarrhoea;  now  suffers  from  dyspepsia.  No  fever,  f.iver 
contracted,  ver}-  hard;  s^jlcen  also  very  hard.  Chronic  type, 
advanced  stage.  Duration  uncertain. 
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Case  ]C — Male  :  aged  22.  History  of  fever  four  months  ago,  followed  by 
onset  of  ascites.  Temperature  slightl}'  irregular.  Abdomen  full  of 
fluid  ;  io'5  kilos  removed.  I^iver  felt  cirrhosed;  spleen  not  palpable. 
Advanced  stage  with  ascites,  marked  emaciation. 
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The  following  is  a  detailed  report  of  our  observations  on 
experimental  Trypanosomiasis,  the  treatment  of  infections  with 
different  pathogenic  trypanosomes,  and  the  mechanism  of  the 
therapeutical  action  of  various  trypanocidal  compounds.  The  experi¬ 
ments  were  carried  out  in  this  laboratory  during  the  last  two  years. 

Our  thanks  are  due  to  Sir  Alfred  Jones,  through  whose  generosity 
we  were  able  to  extend  our  experiments  upon  monkeys.  Further,  we 
wish  to  express  our  indebtedness  to  iMessrs.  Burroughs,  Wellcome 
and  Co.,  who  .supplied  us  with  a  great  number  of  trypanocidal  drugs 
and  supported  the  work  very  materially.  \\T  also  have  to  express  our 
thanks  to  Professor  Ehrlich  for  the  supply  of  different  compounds 
prepared  in  his  laboratory,  and  to  Messrs.  Bayer  and  Co.  who  put  at 
our  disposal  a  number  of  aniline  dyes  for  our  experimental  work. 
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INTRODUCTION 

riie  ease  witii  which  infection  caused  by  the  different  pathogenic 
Liypanosonies  can  be  transmitted  from  animal  to  animal,  and 
especially  the  fatality  of  such  infection  in  small  laboratory  animals, 
has  attracted  the  attention  of  many  workers. 

I  he  action  of  various  compounds  which  are  chemically  allied  has 
been  studied  with  the  object  of  finding  an  absolute  cure  for  different 
Irj'panosome  infections.  1  his  would  obviously  be  of  the  utmost 
economic  importance  in  different  jiarts  of  the  tropics. 

Efforts  in  this  direction  have  led  to  great  progress  in  our 
Iviiowledge  of  the  biology  of  tryiianosomes  ;  they  have  thrown  much 
light  on  protozoal  diseases  m  general ;  they  have  advanced  our 
experience  in  experimental  chemotherapeutics,  and  have  opened  up  a 
new  and  large  field  for  original  investigation. 

1  he  large  number  of  drugs  of  specific  trypanocidal  character  can 
be  classified  into  three  distinct  groups.  To  the  first  group  belong 
compounds  containing  as  their  active  principle  arsenic  in  an  inorganic 
form,  such  as  Sodium  arsenate  ;  to  the  second,  those  in  which  the 
arsenic  molecule  is  masked  by  different  organic  radicals,  such  as  the 
aniline  nucleus,  in  Atoxyl  and  numerous  allied  compounds.  To  this 
second  group  also  belong  the  different  colouring  matters  of  the  diazo 
type  :  trypanred,  trypanblue,  and  derivatives  of  the  triphenylmethan 
type,  such  as  malachite  green,  parafuchsin  and  tryparosan.  The  third 
group  consists  of  Antimony  in  the  form  of  sodium  antimonyl  tartrate 
and  in  the  form  of  the  three  isomeric  arylstibinic  acids. 

ORGANIC  ARSENIC  COMPOUNDS 

A.  Atoxyl. 

Shortly  after  the  discovery  of  the  therapeutic  value  of  Atoxyl  in 
experimental  f  lypanosomiasis,  this  drug  was  extensively  studied, 
it  has  been  applied  in  the  treatment  of  Sleeping  Sickness  and  natural 
trypanosome  infection  in  cattle,  with  very  varying  results.  The 
mechanism  of  its  action  has  been  carefully  studied,  and  Atoxyl  may 
be  regarded  at  present  as  one  of  the  best  known  drugs. 

riiomas  and  Breinl*  first  introduced  Atoxyl  into  the  treatment  of 

*  (a)  Ihoraas.  British  Medical  Journal,  May,  1905. 

(^)  Ihomas  and  Breinl.  Liverpool  School  of  Tropical  Medicine,  Memoir 
\VI,  1905, 
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experimental  Trypanosomiasis  with  a  view  to  administering  arsenic  in 
larger  doses  and  in  a  less  toxic  form  than  sodium  arsenate,  which  was 
already  known  to  possess  a  specific  action  on  T.  brucei. 

Theii  work  was  continued  by  Moore,  Nierenstein  and  Todd,*  who 
concluded  that  the  specific  action  of  Atoxyl  on  trypanosomes  can  not 
only  be  explained  on  the  assumption  of  a  slow  breakdown  of  Atoxyl 
into  an  inorganic  arsenical  and  aniline  ion,  but  is  also  ‘  due  to  direct 
and  specific  action  of  a  complex  organic  ion  containing  both  the 
aniline  and  arsenical  groups.’t 

Mesnil  and  Brimont*  explain  the  action  of  Atoxyl  on  trj  panosomes 
m  a  similar  way.  Their  conclusions  are  based  on  the  observation  of 
a  specific  lesistance  of  trypanosomes  to  drugs  of  the  same  type,  but 
not  to  those  of  different  types,  such  as  parafuchsin  on  the  one  hand 
and  Atoxyl  and  acetylated  Atoxyl  on  the  other  hand,  a  fact  which 
proves  que  1  atoxyl  n’agit  pas  uniquement  comme  arsenical,  mais  en 
vertu  d’un  ion  complexe.’ 

Uhlenhuth  and  M'oithe§  incline  to  this  view,  as  the  symptoms  in 
experimental  animals  caused  through  toxic  doses  of  Atoxyl,  are  not 
those  of  either  aniline  or  arsenic  poisoning.  They  ‘  beziehen  diese 
ganz  besonders  gearteten  neia^osen  S3-mptome  auf  den  ganzen  7\tom- 
coniplex  des  Atoxyls.’  The  Atoxyl  as  such  has  a  specific  action  on 
the  cells  of  the  organism,  after  the)-  have  undergone  a  change  in  some 
way  or  other  under  the  infiuence  of  the  parasites.  This  hypothetical 
action  on  the  cells  results  in  an  increased  formation  of  specific  anti¬ 
bodies,  which  still  continues  even  after  the  Atoxyl  has  been  eliminated 
from  the  organism.  These  antibodies  destroy  the  greater  number  of 
the  parasites  and  prevent  the  few  surviving  trypanosomes  from 
multiplying  and  injuring  the  host.^ 


*  [a]  Moore,  Nierenstein  and  Todd. 

[b\  Moore,  Nierenstein  and  Todd, 
■sitology,  Vol.  ir.  No.  4,  1909. 

t  -Moore,  Nierenstein  and  Todd. 

P-  3^2,  J907. 


Bio-chemical  Journal,  Vol.  II,  No.  4-5,  1907. 
Annals  of  Tropical  Medicine  and  Para- 

Bio-chemical  Journal,  Vol.  II,  No.  4-5, 


JMe.snil  and  Brimont,  Comptes  Kendus  de  la  Soc.  de  Biol.,  Tome  TXI\' 
p.  639. 

Uhlenhuth  und  Woithe.  Arb.  aus  dem  Kaisl.  Oesundheitsamte,  Band  XXl.V. 
190S.  Reprint  p.  34. 

^Uhlenhuth  und  Woithe.  Arb.  aus  dem  Kaisl.  rTe.sundheitsamte,  Bd.  XXVTI 
-  nett,  1907.  ^ 


39^ 

On  tlie  other  hand,  Ehrlich^'  and  his  collaborators  express  quite  a 
different  view  of  the  action  of  Atoxyl.  They  assume  that  Atoxyl 
changes  in  the  organism  into  a  compound  of  a  more  toxic,  and, 
therefore,  more  trypanocidal  character,  and  consider  that  the 
pentavalent  arsenic  atom  in  Atoxyl  becomes  reduced  in  the 
organism  to  a  trivalent  atom,  which  form  they  regard  as  the  active 
trypanocidal  arsenic.  Their  view  is  based  on  the  observation  that 
p-ammo-phenyl  arsen-oxide 

As  =  O 


and  di-amino-arseno-benzol 


0 

N 

111  ni 
As  =  As 

Q  Q 


(both  reduction  products  of  Atoxyl)  have  a  marked  trypanocidal 
action  vi  vitro,  whereas 


OH 


as  has  been  shown  by  a  great  number  of  observers,  does  not 
influence  the  parasites  in  vitro. 

They  believe,  therefore,  that  the  Atoxyl  molecule  is  reduced  in 
the  organism,  and  products  of  a  similar  type,  such  as  p-amiiio- 
phenyl-arsen-oxide  and  di-amino-arseno-benzol,  are  formed.  Rdhl,t 
Ehrlich’s  co-worker,  goes  so  far  as  to  state  that  the  action  of  Atoxyl 
is  only  due  to  the  formation  of  p-amino-phenyl-arsen-oxide. 


(rt)  Ehrlich  V'’erh;mdhin«en  dcr  deutschen  dcrmatologiscdien  (tesellschafl, 
X.  Congres-s,  190S. 

[b]  Ehrlich.  llerichte  cler  deut.schen  chemischen  Gesellschaft,  Jg.  XLU, 
fleft  I,  1909. 

+  Uohl.  llerl.  kliii,  Wochenschrift,  Xo.  ii,  1909. 
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They  assume  in  the  protoplasm  of  the  trypanosome  the  existence 
of  a  special  chemical  complex  (Arseno-receptor)  which  possesses  a 
great  affinity  for  tri valent  arsenic. 

Ehrlich's  theory  led  to  Levaditi’s  and  Yamanouchi’s* * * §  studies  on 
the  mechanism  of  the  action  of  Atoxyl.  By  the  action  of  an 
emulsion  of  animal  tissue,  especially  liver,  they  were  able  to 
transform  Atoxyl,  which  is  inactive  in  vitro,  into  a  trypanocidal 
compound  ‘  trypanotoxyl,’  which  they  regard  as  a  combination  of 
reduced  Atoxyl  with  protein,  a  ‘  toxalbumine  arseniee  ’  of  a 
tliermolabile  character.  Levaditi  compares  this  ‘  toxalbumine 
arseniee  ’  with  a  haemolysin  ;  the  arsenic  plays  the  part  of  a  comple¬ 
ment  ;  the  protein  nucleus,  the  role  of  an  amboceptor.  The  arsenic, 
therefore,  cannot  attach  itself  to  the  trypanosomes  without  the  inter- 
currence  of  the  protein  nucleus  of  the  toxalbumine  arseniee.f 

In  a  somewhat  different  way  Fricdberger^:  succeeded  in 
transforming  Atoxyl  into  a  trypanocidal  compound  in  vitro  by 
adding  thioglycolic  acid  to  a  solution  of  Atoxyl.  The  leading  idea 
in  his  experiments  was  Eleffter’s  theory  of  the  reductive  properties  of 
the  organism  ;  according  to  the  latter  the  protein  ‘  reductases  ’  arc 
not  to  be  considered  living  ferments,  but  the  reduction  is  brought 
about  by  sulphhydryl  or  SIT  groups  which  also  are  present  in  this 
glycolic  acid. 

Our  experiments,^  however,  have  brought  forward  very  little 
evidence  for  the  supposition  that  a  reduction  process  in  the  organism 
plays  a  prominent  role  in  the  action  of  Atoxyl  on  trypanosomes.  As 
a  matter  of  fact,  all  our  results  tend  to  show  that  the  transformation 
of  Atoxyl  into  a  powerful  trypanocide  in  vitro  and  in  vivo  is  mainly 

*  («)  Levaditi  et  Yamanouchi.  Comptes  Rendus  de  la  Soc.  de  Biol.  Tome  LX\  , 
p.  23.  190S. 

(b)  Levaditi,  Brimont  et  Yamanouchi.  Comptes  Rendus  de  la  Soc.  de  Biol., 
Tome  LXV,  p.  25,  1908. 

(f)  Levaditi.  Bull,  de  la  Soc.  de  Rath,  exotique,  Tome  II,  p.  45-  i9°9- 
{d)  Levaditi.  Comptes  Rendus  de  la  Soc.  de  Biol.,  Tome  LXVI,  p.  33,  1909. 
[e]  T.evaditi.  Comptes  Rendus  de  la  Soc.  de  Biol.,  Tome  LXVI,  p.  492,  1909. 

i  Rdhl  in  a  more  recent  publication  (Zeitschrift  f.  Immunitatsforschung. 
Vol.  II,  p.  496,  1909),  points  out  that  Levaditi  does  not  furnish  any  conclusive 
jiroof  for  his  conception  of  the  formation  of  trypanatoxyl  in  the  orgariism,  and 
asserts  that  the  trypanocidal  effect  of  Atoxyl  t>i  vivo  is  onlj'  due  to  the  formation 
of  p-amino-phenyl  arsenoxide. 

I  Friedberger.  Berl.  kliii.  Wochenschrift  No.  38,  1908. 

§  Breinl  and  Nierenstein.  Zeit  f.  Immunitatsforschung,  etc.,  \ol.  I,  p.  620, 
BE 
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due  to  an  oxidation  process.  A  reduction  takes  place  in  the 
intestines  only,  and  is  probably  of  secondary  importance, 

In  our  experiments  we  adopted  Levaditi’s  and  Yamanouchi’s 
technique  ;  after  repeated  failures  to  get  any  changes  in  an  Atoxyl 
solution  when  shaken  up  for  twenty-four  hours  at  room  temperature 
with  an  emulsion  of  different  organs  (liver,  brain,  etc.),  lo  c.c.  of  a 
4  per  cent.,  2  per  cent.,  and  0-2  per  cent,  solution  of  Atoxyl  in 
physiological  saline  were  mixed  with  an  equal  amount  of  liver 
emulsion  and  kept  at  a  temperature  of  3;°  C.  After  two  hours  the 
effect  of  this  mixture  on  trypanosomes  was  tried  in  a  coverslip 
preparation.  Only  three  experiments  out  of  seven  confirmed 
Levaditi’s  and  Yamanouchi’s  observation  that  the  parasites  became 
immobilised  and  after  a  time  destroyed. 

After  dialysing  an  Atoxyl-liver  mixture  which  had  been  found  to 
have  a  marked  trypanocidal  action  in  a  coverslip  preparation  and 
concentrating  the  dialj^satc  to  the  original  volume,  when  it  became 
again  isotonic,  we  were  able  to  observe  that  the  dialysate  acted  upon 
the  parasites  in  the  same  way  as  the  original  Atoxyl-hver  mixture; 
the  slightly  acidified  dialysate  gave  a  distinct  precipitate  of  arsenic 
sulphide  when  acted  upon  by  H.,S. 

We  found  that  only  in  those  cases  in  which,  on  mixing  Atoxyl 
solution  zvith  liver  emulsion,  inorganic  arsenic  ivas  present  had  the 
mixture  a  decided  and  rapid  trypanocidal  effect  in  vitro.  On  the 
other  hand,  in  no  case  in  which  arsenic  could  not  be  detected,  could 
any  in  fluence  on  .the  parasites  he  observed. 

Similar  results  with  regard  to  the  appearance  m  the  solution  of 
inojanic  arsenic  were  obtained  when  pure  liver  oxydase  or  oxydase 
of  black  tea  was  added  in  a  sufficient  quantity  to  i  per  cent,  solution  of 
Atoxyl,  or  when  was  mixed  with  a  4  per  cent,  or  2  per  cent, 

solution  of  Atoxyl  and  exposed  for  some  time  to  a  temperature  of 

37 

If  reductase  prepared  from  yeast  was  aded  to  Atoxyl  solutions  of 
different  strengtlns,  in  some  instances  inorganic  arsenic  was  set  free 
from  the  Ato.xyl  together  with  aniline.  Tins  observation  offered  an 

explanation  of  the  presence  of  aniline,  in  the  faeces,  previously 
recorded.* 


*  Nierenstein.  Annals  of  Tropical  Medicine  and  Parasitology.  Vol.  TT,  Xo.  4.  1909 
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in  order  to  imitate  as  far  as  possible,  in  vitro,  the  changes  whicli 
Atoxyl  undergoes  in  the  organism,  an  ‘  Atoxyl-serum  ’  was  prepared 
by  mixing  a  solution  of  Atoxyl  with  serum  and  dialysing  out  the 
excess  of  Atoxyl  which  had  not  combined  with  the  serum  proteins 
through  the  amino  group.  On  the  addition  of  liver  emulsion  or 
to  this  ‘  Atoxyl-serum  ’  inorganic  arsenic  was  set  free. 

Nierenstein’s*  research  on  the  mode  of  elimination  of  Atoxyl  in 
the  urine  confirms  our  conception  that  Atoxyl  mainly  undergoes 
oxidation  in  the  organism.  After  injecting  the  drug  into  a  horse,  it 
was  recovered  in  the  urine  in  the  form  of  p-amino-phenyl-arsenic 
acid  (Formula  I),  p-oxy-pheny  1-arsenic  acid  (Formula  II),  and 
oxy-carb-amino-phenyl  arsenic  acid  (Formula  III). 


It  is  obvious  that  the  formation  of  the  compounds  II  and  III 
from  I  (the  mother  substance  of  Atoxyl)  can  only  be  explained  through 
an  oxidation  process  in  the  organism. 

The  formation  of  p-oxy-phenyl-arsenic  acid  (Formula  II)  from 
p-amino-phenyl-arsenic  acid  is  brought  about  through  a  replacement 
of  the  amino  group  by  an  HO  group,  and  is  similar  to  the  formation 
of  p-amino-phenol  (Formula  IV)  after  injection  of  p-amino-anihne 
(Formula  V). 


This  oxidation  process  enables  the  organism  to  eliminate  aniline 
and  Atoxyl  in  a  less  toxic  form  as  the  sulphuric  or  glycuronic 
derivatives. 


*  Nierenstein.  Zeit.  f.  Immunitatsforschung,  Bd.  II,  No.  4,  1909. 
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The  formation  of  oxy-carb-amino-phenyl-arsenic  acid  can  be 
explained  in  the  following  way.  The  organism  introduces  on 
oxidation  an  OH  group  in  the  o-position  to  the  amido  group,  and 
thus  forms  p-amino  m-oxy-phenyl-arsenic  acid  (Formula  VI).  This 
oxidation  is  then  followed  (based  on  the  analogy  of  toluidme)  by  an 
intermediate  acetylation  of  p-amino-  m-oxy-phenyl-arsenic  acid  in 
the  organism  (Formula  VII).  The  acetyl  chain  is  oxidized,  and  forms 
oxy-carbonyl  arsenic  acid  (Formula  III). 


On  considering  the  foregoing  experiments  and  results,  it  becomes 
possible  to  divide  the  action  of  Atoxyl  in  the  organism  into  four 
phases. 

I.  After  injection  of  Atoxyl,  a  comparatively  small  amount 
combines  through  the  amino  group  with  the  serum  jiroteins  and 
forms  ‘  Atoxyl-serum  ’ ;  the  greater  part  is  secreted  in  the  urine, 
partly  unchanged  as  p-ami no-phenyl-arsenic  acid,  partly  oxidised  in 
the  form  of  p-oxy-phenyl-arsenic  acid  and  oxycarb-amino-phenyl- 
arsenic  acid,  and  partly  as  free  inorganic  arsenic. 

II.  From  the  Atoxyl  serum,  arsenic  is  set  free  through  an 
oxidation  process,  caused  by  the  oxidative  ferments  present,  and 
probably  also  by  the  trypanosomes,  whereby  the  aromatic  nucleus  is 
destroyed. 

III.  At  the  same  time  a  reduction  process  takes  place  in  the 
intestines,  whereby  the  Atoxyl  molecule  is  reduced  to  aniline  and 
arsenious  acid. 

IV.  The  arsenic  which  is  formed  through  oxidation  acts  in  statu 
nascendi  on  the  trypanosomes. 

As  has  been  pointed  out  before,  the  action  of  Atoxyl  can  be 
Compared  to  that  of  a  dye.’^'  The  amino  group  plays  the  role  of  a 

*  Nierenstein.  Annals  of  Tropical  Medicine  and  Parasitology,  Vol.  II,  No.  3, 
p.  249,  1908.  ^ 


chromogenetic  group,  the  arsenical  radical  acts  on  the  parasites  in  the 
same  way  as  a  chromophoric  group  on  a  cotton  fibre,  whereas  the 
serum  plays  the  role  of  a  mordant. 

B.  Derivalives  of  Atoxyl. 

In  order  to  ascertain  whether  certain  derivatives  of  Atoxyl  have  a 
superior  therapeutical  value  in  trypanosome  infections,  a  great 
number  of  compounds  were  experimented  with. 

I.  Acetylated  Atoxyl. 


H  COCK^ 

Acetylated  Atoxyl  was  first  prepared  by  Ehrlich  and  Bertheim. 
It  was  used  by  C.  Browning,  by  Moore,  Nierenstein  and  Todd,  and 


by  Breinl.  It  proved  to  be  less  toxic  for  animals  very  susceptible  to 


Atoxyl,  such  as  dogs,  which,  as  Ehrlich"'  points  out,  is  not  the  case  in 
horses  and  guinea-pigs.  The  only  difference  between  it  and  Atoxyl, 
consists  in  the  partial  acetylation  of  the  amino  group,  which  change 
apparently  reduces  the  toxic  effect  of  the  aniline  nucleus  in  the 
Atoxyl.  Uhlenhuth  and  Woithef  believe  that  the  acetyl  group 
prevents  the  rapid  discharge  of  arsenic,  a  conception  which  is 
improbable.  It  has  been  pointed  out  by  Nierenstein,  that  part  of 
Atoxyl  undergoes  acetylation  in  the  organism,  which  observation 
probably  explains  the  less  toxic  effect  of  acetylated  Atoxyl. 


2.  Salicyli-Atoxyl. 


^N  =  C  Co  H^-OH 

This  compound  was  prepared  with  the  view  of  introducing  Atoxyl 
in  stain  nascendi  into  the  organism,  as  it  might  be  expected  that  on 

Ehrlich.  Berl.  klin.  Wochenschrift,  No.  9-12,  1907.  Reprint,  p.  22. 

t  Uhlenhuth  und  Woithe.  Arb.  aus  dem  Kaisl.  Gesundheitsamte,  Band  XXIX, 
1908.  Reprint,  page  42. 
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h3xlro]ysi.s,  p-amino-phenyl-arsenic  acid  and  salicylic  acid  would  be 


fomied.  The  salicylic  acid  might  then  act  as  an  internal  disinfectant. 

A  few  experiments  on  rats  infected  with  T .  brucei  showed  that 
doses  of  as  much  as  0’02  5  gm.  per  rat  of  about  170  gm.  did  not  cause 
a  disappearance  of  the  parasites  from  the  blood. 

3.  Formylo-Atoxyl. 


/**V  kJ 


Formylo-Atoxyl  brought  about  in  rats  infected  with  T.  evansi  a 
temporary  disappearance  of  the  parasites  after  two  to  three  injections 
of  0'02  5  gm.  ;  the  trypanosome,  however,  reappeared  in  the  course  of 
a  few  days.  The  drug  caused  abscesses  at  the  site  of  injection. 

4.  Sodium  p-hydroxy-phenyl-arsenate. 


OH 


This  compound  was  found  to  have  no  effect  whatever  on  the 
parasites,  a  fact  which  corresponds  with  the  view  that  the  presence  of 
the  amino  group  is  essential  for  a  trypanocidal  action. 

5.  Di-sodium  Azobenzene  4-arsenate 


^=A5  _ 

NaO-^ 


0>A5  _ 


Q 


and  Di-sodium  4-oxy  Azobenzene  4-arsenate. 


From  a  theoretical  point  of  view,  it  might  be  expected  that  after 
injection  both  compounds  would  on  reduction  in  the  organism  break 
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up  into  freo  p-umino-phonyl-arsenic  acid,  and  that  the  latter,  together 
with  an  amino  group  in  statu  nascendi,  might  have  a  greater  affinity 
for  the  serum  pioteins  and  combine  with  them  to  a  larger  extent. 
Experiments,  however,  have  shown  that  this  process  does  not  take 
place  in  the  organism,  as  even  large  doses  had  no  appreciable  effect  on 
rats  infected  with  trypanosomes, 

6.  Tetra  sodium  phenazine  4-arsenate. 


The  destructive  effect  of  phosphine,  a  colouring  matter  of  the 
safranine  type,'"  on  Parmuaeciinn  is  very  marked,  and  is  not 
surpassed  by  any  other  substance.  We,  therefore,  hoped  that  on 
combining  an  arsenic  molecule  with  a  phenacine,  a  colouring  matter 
of  the  same  type,  the  result  would  be  a  compound  of  increased 
trypanocidal  value  in  comparison  with  Atoxyl.  Experiments, 
however,  proved  that  this  compound  did  not  affect  trypanosomes. 
Reference  may  here  be  made  to  the  work  of  Mannaberg,t  who  finds 
that  phosphines  have  no  beneficial  effect  in  the  treatment  of  Malaria. 


.Sodium  di-p-amino-phenyl-arsenate 


and  Sodium  di-p-acetyl-amino-phenyl-arsenate. 


These  compounds,  even  if  used  in  the  largest  doses  which  could 
be  administered,  were  of  no  value  in  the  treatment  of  rats  infected 
with  T.  equiperdurn. 

t  rankel  M.  Die  Arzneimittelsynthese  aiif  Grunclla^e  der  Beziehg.  zwischen 
chemischen  Aufbau  iind  Wirkung.  2.  Aufl.,  1906,  p.  206. 

t  Mannaberg.  Arch.  f.  klin.  Medizin,  Ud.  59,  p.  185, 
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C.  Orsudan 


Experiments  on  a  larger  scale  have  been  carried  out  with 
substances  closely  allied  to  Atoxyl,  but  having,  instead  of  an  aniline 
nucleus  (Formula  1),  a  toluidine  nucleus  (Formula  II). 


I.  Sodium  3-methyl  4-amino-phenyl-arsenate  (Kharsin) 


and  its  acetyl  derivativ 


OH 

ONd 


Sodium  3 -methyl  4-acetyl-amino-phenyl-arsenate  (Orsudan). 


After  a  few  preliminary  experiments  the  acetylated  compound 
Orsudan  was  found  to  be  the  less  toxic  of  the  two,  and  most  of  the 
treatment  experiments  were  carried  out  with  it.  It  was  a  remarkable 
fact  that  Orsudan  did  not  have  any  effect  on  rats  or  on  one  donkey 
infected  with  T.  britcei,  although  two  strains  of  this  parasite,  of 
different  origin,  were  used.  On  the  other  hand,  it  acted  promptly  on 
T .  eqiiiperditm  and  T.  gainbiense. 

In  rats  infected  with  T.  eqniperdum,  parasites  disappeared  after 
the  first  injection  of  0’02  5  gm.  of  the  drug,  but  usually  recurrences 
were  observed  after  a  varying  period  if  treatment  was  discontinued. 
Only  a  few  rats  lived  as  long  as  eight  months  without  reappearance 
of  parasites,  but  these  also  succumbed  to  intercurrent  diseases.  Two 
rats  showed  relapses  after  a  very  prolonged  period,  one,  126  days 
after  the  last  injection  of  Orsudan  (0’075  gm.  had  been  administered). 
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the  other,  105  days  after  discontinuance  of  treatment  (o‘o6  gm.  of 
Orsudan  was  administered  in  three  injections). 

Out  of  twelve  rats  infected  with  2\  garnbiense  one  lived  for  165 
days,  one  for  1 1 5  days  (both  dying  without  having  shown  parasites  in 
the  blood),  and  one  had  a  relapse  fifty  days  after  the  last  injection. 

Guinea-pigs  infected  with  T.  garnbiense  stood  Orsudan  much 
better  than  Atoxyl.  The  parasites  always  disappeared  from  the 
blood  after  the  first  injection  of  0'025  gm.  When  the  treatment 
was  discontinued,  relapses  set  in  after  a  varying  interval.  If  treat¬ 
ment  was  continued  the  intervals  between  the  relapses  became  shorter 
and  shorter,  until  a  point  was  reached  when  even  repeated  injections 
had  no  effect  on  the  parasites,  and  the  animal  succumbed  to  the 
trypanosome  infection.  If  the  parasites  were  subinoculated  into 
guinea-pigs,  one  injection  of  Orsudan  was  sufficient  to  drive  out  the 
parasites. 

Three  donkeys,  infected  with  T .  equiperdum,  were  treated  with 
Orsudan.  Two  died  after  two  injections  (each  of  one  gramme)  after 
typical  symptoms  of  arsenic  poisoning  lasting  three  days.  The 
internal  organs  showed  fatty  degeneration  of  the  liver  and  kidneys. 
One  donkey  died  of  Trypanosomiasis  227  days  later.  It  received, 
during  this  period,  nine  injections,  each  of  one  gramme  of  Orsudan  ; 
parasites  in  small  numbers  were  occasionally  seen  in  the  blood. 

Four  monkeys  infected  with  T.  garnbiense,  after  the  infection 
was  well  established,  were  treated  with  Orsudan.  One  Cercopithecus 
callitrichus  died  with  all  the  symptoms  of  typical  arsenic  poisoning, 
after  having  received  O’ 2  gm.  in  two  injections.  One  Cercopithecus 
mona  received  0’2  gm.  in  two  injections,  and  had  a  relapse  forty-nine 
days  after  the  last  injection.  The  treatment  was  repeated  with 
O'  I  gm.  of  Orsudan.  Although  symptoms  of  arsenic  poisoning  set  in 
a  few  days  afterwards,  they  passed  off  in  a  week,  and  the  animal 
lived  for  254  days  in  good  health  without  showing  any  parasites.  On 
reinoculation  of  T .  garnbiense  it  succumbed  to  the  infection. 

One  Cercopithecus  callitrichus  received  o’2  gm.  of  Orsudan  in 
two  injections.  Three  days  afterwards  severe  symptoms  of  arsenic 
poisoning  set  in,  which,  however,  passed  off  in  a  week’s  time.  Twenty- 
five  days  afterwards  treatment  was  resumed  with  one  injection  of 
O’ I  gm.  Orsudan.  Two  days  afterwards  symptoms  of  arsenic 
poisoning  commenced  ;  four  days  later  failure  of  eyesight  was  noticed, 
cc 
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and  within  three  days  the  animal  was  totally  blind.  As  no  recovery 
of  vision  took  place,  the  animal  was  killed  with  the  intention  of 
examining  the  pathological  lesions  of  the  eye. 

One  Macaciis  rhesiLs  was  inoculated  with  T.  ganibiense.  Treat¬ 
ment  was  begun  after  the  second  natural  relapse.  After  one 
injection  of  o  i  gm.  of  Orsudan  the  parasites  promptly  disappeared. 
Thirty-five  days  afterwards  a  second  injection  of  o‘i  gm.  of 
Orsudan  was  given.  During  the  following  day  symptoms  of  severe 
arsenic  poisoning  set  in,  and  the  animal  became  totally  blind  six  days 
after  the  injection.  This  monkey  is  still  alive  thirteen  months  after 
the  inoculation.  He  is  absolutely  blind,  and  no  visible  changes  can 
be  noticed  in  his  eyes. 

The  foregoing  experiments  lead  to  the  conclusion  that  Orsudan 
as  a  trypanocide  is,  for  T.  gambiense  and  T.  equiperdum  in  experi¬ 
mental  animals,  nearly  equal  to  that  of  Atoxyl. 

As  with  Atoxyl,  only  in  a  very  small  percentage  of  our  experi¬ 
ments  have  we  been  able  to  prevent  relapses.  On  the  other  hand, 
Orsudan  is  certainly  very  toxic  indeed,  as  our  experiments  in  monkeys 
show  ;  out  of  four  animals  treated,  two  cases  of  blindness  and  one 
death  from  typical  arsenic  poisoning  occurred.  The  higher  toxicity, 
when  compared  with  Atoxyl,  may  be  explained  on  the  hypothesis  that 
Orsudan  combines  to  a  larger  extent  with  the  tissue  than  Atoxyl, 
owing  to  the  fact  that  CH^  group  is  oxidised  to  COOH,  and,  there¬ 
fore,  more  arsenic  combines  and  is  afterwards  set  free  in  the  orp’anism.'*' 

In  a  few  of  our  experiments  on  rats,  haemoglobinuria,  the  result 
of  haemolysis,  was  noticed.  This  may  be  due  to  the  well-known  fact 
that  toluidine  derivatives  are  more  powerful  haemolytic  agents  than 
aniline  derivatives. 

D.  Derivatives  of  Orsudan. 

I.  Sodium  3 -methyl  4-hydroxy-phenyl-arsenate. 


*  Lately  we  have  had  an  opportunity  of  testing  a  new  sample  of  Orsudan.  Two 
successive  injections  of  0'2  gr.  into  a  monkey  did  not  give  rise  to  any  symptoms  of  arsenical 
poisoning. 
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The  replacement  of  the  amino  group  by  an  hydroxyl  group 
changes  the  character  of  the  compound  in  the  case  of  Orsudan  as  it 
does  in  Atoxyl.  It  is  extremely  toxic  and  showed  only  a  very  shg'ht 
action  on  the  parasites,  and  only  when  injected  in  so  large  doses  as 
O'OS  gm.,  m  which  case  it  killed  the  animal  in  a  few  hours. 

2.  Di-sodium-4-di-methyl-amino  2-methyl-azo-benzene  4-arsenate. 


was  found  to  have  a  slight  effect  on  trypanosomes.  Thej^  decreased 
m  number,  but  the  rats  usually  died  within  a  few  days.  When 
compared  with  the  corresponding  Atoxyl  derivative  No.  5,  p.  401,  it  is 
seen  that  although  the  combining  ammo  group  is  saturated  through 
diazotising,  in  this  case  the  CHg  group  most  probably  gets  oxidised  to 

a  COOH  group,  through  which  a  combination  with  the  proteids  takes 
place. 

3.  Sodium  di-(3 -methyl  4-amino-phenyl)  arsenate 


CH 


o 


It 

A  S 


N  H2 


ONa 


and  Sodium  di-(3 -methyl  4-acetyl-amino-phenyl)  arsenate 

CH3 

H3C0CHN-<^\  - /  Nnhcoch, 

ONa  X—/ 

had,  in  the  same  way  as  the  corresponding  Atoxyl  derivative,  on 
injection,  no  effect  on  rats  infected  with  T .  eqiiiperdum. 


COLOURING  MATTERS 


Since  Ehrlich  and  Shiga’s  discovery  that  trypanred  has  a 
pronounced  trypanocidal  action,  numerous  colouring  matters  of 
different  chemical  constitution  have  been  tried  in  experimental 
Trypanosomiasis  with  a  more  or  less  therapeutical  success. 
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The  preparation  of  trypanred  by  Ehrlich  and  Shiga  (Formula  1) 


-N= 

HgN/ 


^N=  N  - 
NH2 


oo 


SO3  14  <a 


NaO^: 


S03Na 


NaOg  S 


has  led  to  the  discovery  of  afridol  blue  by  Nicolle  and  Mesnil 
(Formula  II). 

H^N  OH  NH2 


,co 


00 


,00 


-N  =  N- 


-  N=  N- 


HSO 


O3SH 


HO3S 


sq^hX/ 


Afterwards  Ehrlich  introduced  parafuchsin  (Formula  III)  and 
tryparosan,  a  chlorinated  parafuchsin,  m  the  treatment  of  experi¬ 
mental  trypanosomiasis. 


NfCHa)^ 


The  value  of  all  these  colouring  matters  has  been  put  to  a  severe 
test  in  this  laboratory,  but  with  discouraging  results.  Thomas  and 
Breinl'’'  in  1905  remarked  in  reference  to  trypanred,  ‘that  we  cannot 
claim  to  have  cured  any  animal  infected  with  the  parasites  of  surra, 
ngana  and  dourine.  The  disease,  especially  in  rats  and  mice,  may  be 
greatly  prolonged,  but  the  animals  eventually  die.’  Moore, 
Nierenstem  and  Toddt  came  to  a  similar  conclusion  ‘that  trypanroth 
was  not  always  able  to  prevent  an  early  death  from  the  disease.’ 

Afridol  blue  and  parafuchsin,  phosphines  and  numerous  other 
colouring  matters,  had  in  our  hands  only  a  slight  effect,  or  no  effect  at 
all,  on  the  parasites.  We  may  say  that  hardly  any  work  with  these 

*  Thomas  and  Breinl.  Liverpool  School  of  Tropical  Medicine,  Memoir  XVI, 
p.  51,  1905. 

t  Moore,  Nierenstein  and  Todd.  Annals  of  Trop.  Med.  and  Parasitol., 


V'ol.  II,  No.  4,  p.  285. 


4II 

colouring  matters  was  carried  out  on  mice,  a  fact  which  may  account 
for  our  inability  to  confirm  Ehrlich’s  experiments. 

Ehrlich* * * §  suggested  that  parafuchsin  may  act  as  a  prophylactic  for 
trypanosome  infection.  He  was  successful  in  preventing  infection  in 
mice  after  feeding  them  with  parafuchsin  and  then  inoculating  the 
parasites. 

We  attempted  to  confirm  these  experiments  on  large  animals. 
Two  large  horses  were  fed  on  parafuchsin.  One  of  them  received 
fifteen  grammes  daily  by  mouth,  for  thirty  days  and  died  after  having 
shown  toxic  symptoms  from  the  parafuchsin.  A  second  horse 
received  fifteen  grammes  by  mouth  for  forty-eight  days.  On 
inoculation,  it  became  infected  in  the  same  way  as  an  untreated 
animal. 

In  our  opinion,  it  is  not  necessary  to  compare  the  action  of 
colouring  matters  on  trypanosomes  with  the  action  of  Atoxyl. 
Whereas  in  Atoxyl  the  amino  group,  according  to  our  experience, 
effects  a  combination  between  the  proteins  and  the  Atoxyl  molecule, 
and  the  specific  action  on  the  parasites  is  due  only  to  the  liberated 
arsenic  ;  in  colouring  matters  the  trypanocidal  effect  is  most  probably 
due  to  the  amino  group.  Mesnil  and  Nicollet  already  expressed  the 
view  that  the  therapeutical  effect  may  be  due  to  the  presence  of 
nitrogen. 

Moore,  Nierenstein  and  ToddJ  came  to  the  conclusion  that  the 
NH^  group  is  the  active  trypanocidal  radical,  for  which  they  suggest 
the  name  ‘  trypanophobe  group.’  This  conception  corresponds  to  the 
observations  of  Loew  and  Bokomy§  on  the  influence  of  compounds 
containing  amino  groups  upon  the  multiplication  of  algae.  They 
found  that  with  an  increase  of  the  number  of  amino  groups  in 
compounds  of  the  type  of  urea  and  uric  acid,  the  noxious  influence 
upon  the  plant  increases. '  They  explain  the  observation  in  this  way  : 
that  the  protoplasm  contains  a  great  number  of  labile  aldehyde  and 
amino  groups  which  combine  alternately  with  the  amino  and  aldehyde 

*  Ehrlich.  Berl.  klin.  Wochenschrift,  1907.  Reprint,  p.  31. 

t  Mesnil  and  Nicolle.  Annales  de  Elnstit.  Pasteur,  XX,  p.  417,  513,  rgoh. 

I  Moore,  Nierenstein  and  Todd.  Annals  of  Tropical  Medicine  and  Parasi¬ 
tology,  Vol.  II,  No.  4,  1909,  p.  271. 

§  Loew  und  Bokorny.  Jour.  f.  prakt.  Chemie,  Bd.  36,  p.  272.  (Compare, 
Frankel,  loc.  cit.,  p.  29.) 


groups  of  the  drug.  This  theory  may  be  applied  to  the  action  of 
aniline  dyes  upon  trypanosomes.  In  this  case  the  labile  aldehyde 
groups  of  the  protoplasm  of  the  trypanosome  may  combine  with  the 
amino  group  of  the  drug.  Gabntschewsky*  explains  in  a  similar  way 
the  slight  neutralising  action  of  fuchsm  and  vesuvin  if  brought  in 
contact  with  toxins. 


ANTIMONY  COMPOUNDS 

Phmmer  and  Thompson!  were  the  first  to  introduce  antimony  m 
the  treatment  of  experimental  Trypanosomiasis.  Their  results  were 
encouraging.  These  good  results,  however,  have  not  been  fully 
confirmed  by  other  workers.  Phmmer  and  Thompson  used  sodium, 
potassium  and  lithium  salts  of  antimonyl  tartrate.  On  considering 
the  chemical  constitution  of  these  compounds,  it  is  apparent  that  they 
were  not,  m  fact,  dealing  with  an  organic  compound  of  Antimony,  but 

only  with  an  alcoholate  of  tartaric  acid  (Formula  I)  and  antimonic 
oxide. 

Antimonyl  tartrate  has  the  following  constitution  (Formula  11). 
The  antimonic  oxide  m  this  case  is  not  in  an  aromatic  chain  as  the 

arsenic  m  Atoxyl,  but  forms  only  an  alcoholic  salt  similar  to  sodium  m 
a  phenolate  (Formula  III). 

COOH 
^  CHOH 
CHOH 
COOH 

The  action  of  sodium  antimonyl  tartrate  is  an  antimonic  action 
pure  and  simple.  On  injection,  dissociation  of  the  compound  into 
sodium,  tartaric  acid,  and  antimonic  oxide  takes  place,  the  latter  of 
which  acts  destructively  on  the  parasites.  A  similar  process  takes 
place  on  mixing  the  compound  with  infected  blood,  even  in  the 

dilution  of  I  :  40,000  the  trypanosomes  are  immobilized  in  a  few 
minutes.! 

Vol.  de  Pharmakodynamie  et  de  Therapie, 

U’limmer  and  Thompson.  Proc.  of  the  Roy.  Soc.  B.,  Vol.  80,  1907. 

1909^  p!^°48^^^  Rodham.  Iravaux  du  laboratoire  medical  de  Leopoldville,  III, 
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This  rapid  liberation  of  antimonic  oxide,  which,  as  is  well  known, 
IS  very  slowly  resorbed  by  the  tissues  and  causes  great  irritation,  may 
be  the  cause  of  abscess  formation  at  the  site  of  injection.  This 
disadvantage  of  abscess  formation  was  overcome  by  introducing  an 
organic  antimony  compound  of  a  similar  type  to  Atoxyl  into  the 
therapeutics  of  Trypanosomiasis,'^'  the  antimony  radical  being  linked 
on  to  the  aromatic  nucleus.  From  the  three  isomeric  arylstibinic 
acids  only  the  para  derivative  gave  satisfactory  results.  The  meta 
compound  was  far  less  stable,  as  it  partly  decomposed  on  standing 
into  antimonic  oxide  and  aniline.  The  ease  with  which  this 
compound  decomposes  may  be  held  responsible  for  the  occurrence  of 
abscesses  after  injection.  The  antimony  is  probably  too  quickly 
liberated  and  not  sufficiently  quickly  resorbed. 

The  mechanism  of  the  action  of  the  p-amino-phenyl-stibinic  acid 
is  similar  to  that  of  p-amino-phenyl-arsenic  acid  (Atoxyl).  It  is 
remarkable  on  comparing  the  action  of  sodium  antimonyl  tartrate  and 
of  sodium  p-amino-phenyl-stibinic  acid,  that  whereas  the  first  named 
compound  effects  a  disappearance  of  the  parasites  within  one  hour, 
the  latter  compound  produces  the  same  effect  only  after  the  lapse  of 
15-19  hours.  The  effect  stands  in  direct  proportion  to  the  rate  at 
which  antimony  is  set  free  from  the  drugs. 

RESISTANCE 

Thomas  and  Breinlf  observed  in  their  work  on  Atoxyl  in  experi¬ 
mental  trypanosomiasis,  that  in  a  horse  infected  with  T.  evansi,  the 
parasites  disappeared  from  the  blood  after  administration  of  Atox)  !. 
In  spite  of  continuation  of  the  treatment,  parasites  were  seen  again, 
and  ‘  were  twenty-five  to  a  field  on  the  fourth  day  after  the  dose  in 
the  last  week  but  one.  Two  doses  per  week  were  therefore 
commenced ;  this  kept  the  number  of  parasites  down,  so  that  one  to 
five  fields  was  the  highest  reached.’ 

Similar  observations  were  made  by  Mesnil  and  Nicolle,+  using- 
benzidine  colours  for  the  treatment  of  experimental  trypanosomiasis. 


*  J]reinl  and  Nierenstein.  Annals  of  Tropical  Medicine  and  Parasitology, 
\'ol.  II,  No.  5,  igog. 

t  Thomas  and  llreinl.  Liverpool  School  of  Tropical  Medicine,  Memoir  XVI, 
1905,  p.  65. 

I  Mesnil  and  Nicolle.  Annales  de  ITnstit.  Pasteur,  No.  XX,  p.  528,  1906. 


They  found  that  after  continuation  of  the  treatment  for  some  time 
the  drug-  had  no  effect  upon  the  parasites. 

Franke*  found,  ‘working  with  mice  infected  with  Ngana  and 
treated  with  parafuchsin,  that  when  the  recurrences  ceased  to  respond 
to  the  treatment,  inoculation  into  fresh  animals  gave  rise  to  an 
infection  which  was  from  the  very  beginning  uninfluenced  by 
parafuchsin,  administered  either  by  feeding  or  by  injection.’ 

Browmngt  then  observed  a  similar  behaviour  of  certain  trypano¬ 
some  strains  against  Atoxyl. 

It  was,  however,  Ehrlich  who  first  recognised  the  general 
importance  of  this  phenomenon,  and  drew  attention  to  the  fact  that 
one  can  produce  strains  resistant  to  all  types  of  trypanocides.  He 
had  at  his  disposal  strains  resistant  against — (i)  Atoxyl,  (2)  Trypan- 
red,  (3)  Trypanblue,  (4)  Atoxyl  and  trypanblue,  (5)  Arseno-phenyl- 
glycine,  (6)  Tartar  emetic.+ 

Ehrlich  was  further  able  to  prove  that  this  resistance  may  be 
preserved  throughout  many  passages  in  mice,  and  he  regards  this 
feature  as  einen  schonen  Beweis  fiir  die  Vererbung  erworbener 
Eigenschaft.’  However,  in  the  case  of  one  strain  (Atoxyl  strain. 
No.  i),  which  kept  resistant  for  six  months  (67  passages),  this 
acquiied  chaiacter  was  lost  after  seven  and  three-quarter  months 
(87  passages).  A  striking  characteristic  of  the  resistance  is  its  specific 
natuie,  i.e.,  if  a  strain  has  become  resistant  to  parafuchsin  it  is 
resistant  as  well  against  all  colouring  matters  of  the  tri-phenyl-methan 


*  Quoted  by  C.  H.  Browning.  Journal  of  Path,  and  Bacteriology,  Vol.  XII, 
1908,  p.  176.  ’ 

t  Ehrlich.  Berl.  klin.  Wochenschrift,  No.  9-12,  1907.  Reprint,  p.  22. 

^  Strains  of  trypanasomes  resistant  to  tartar  emetic  have  also  been  obtained  by 
:vlesnil  and  Bnmont,  by  Plimmer  and  Bateman  ;  and  a  strain  of  T.  briicei  resistant 
against  p-amino-phenyl-stibmic  acid  has  been  obtained  by  us.  This  resistance 
however,  was  not  transmissible  on  subinoculation.  Mesnil  and  Brimont  succeeded 
m  obtaining  a  permanent  antimony  resistant  strain  by  treating  an  Atoxyl-resistant 
strain  with  antimony.  At  first  the  parasites  were  influenced  by  tartar  emetic,  but 
after  the  fifth  injection  they  became  resistant,  a  resistance  which  persisted  for 
seventy-six  passages. 

observed  by  us  when  treating  guinea-pigs 

W  ^  J'  Orsudan.  After  six  to  seven  injections  the  dmg 

had  lost  its  influence  on  the  parasites.  ° 

Uhlenhuth  Hiibner  and  Woithe,  working  with  T.  equiferdum,  were  not  able 
to  confirm  entirely  Ehrlich  s  observations.  They  were  only  able  to  produce  a 

Atoxjd  influenced  the  parasites  in  a  normal  way.  Therefore,  they  regard  it  as  a 
oMhTteTm  ^  it  an  ab.solute  resistance  in^Ehrlicb’s  sense 


group,  though  not  resistant  against  Diazo-colouring  matters,  as 
trypanred,  and  arsenic  compounds  and  vice  versa.  Mesnil’s 
observation  contradicts  to  a  certain  extent  this  statement,  as  a  strain 
lesistant  against  Atoxyl  was  found  to  be  influenced  by  Orsudan. 

Ehrhch* * * §  explains  this  complex  phenomenon  on  the  assumption 
that  the  avidity  of  the  arseno-receptors  of  the  trypanosomes  for 
arsenyl  has  diminished  to  such  an  extent,  that  the  protoplasm  of  the 
trypanosomes  has  become  unable  to  combine  with  the  Atoxyl. 

The  fact  that  an  Atoxyl-resistant  strain  is  still  influenced  by 
arseno-phenyl-glycine  seemingly  contradicts  his  conception.  The 
interpretation  which  Ehrlich  gives,  is  that  although  the  trypanosomes 
of  an  Atoxyl-resistant  strain  have  lost  the  greater  part  of  the  avidity 
of  their  arseno-receptors  for  Atoxyl,  yet  enough  still  remains  to 
permit  of  the  action  of  arseno-phenyl-glycine  being  manifested. 

In  the  hands  of  one  of  us  an  Atoxyl-resistant  strain  in  mice,  sent 
by  Piofessoi  Ehihchi"  early  in  ipoy,  was  shown  to  lose  its  resistance- 
against  Atoxyl  when  inoculated  into  rats. 

Independently,  Mesnil  and  Brimont^  came  to  a  similar 
conclusion,  que  la  race  est  resistante  a  I’Atoxyl  dans  un  org'anisme 
donne.’ 

Breinl  and  Nierenstem,§  m  their  work  with  an  Atoxyl-resistant 
strain  of  T.  briicei  in  donkeys,  were  able  to  prove  that  the  acquired 
resistance  against  Atoxyl  only  holds  good  for  a  given  species  of 
animal,  and  that  this  acquired  character  is  retained  for  this  given 
species  even  after  prolonged  passages  through  different  animals  in 
which  parasites  are  not  resistant.  On  subinoculation  of  the  Atoxyl- 
resistant  parasites  into  rats,  only  in  the  first  generation  was  a  slight 
resistance  noticeable.  In  the  second  generation  the  parasites 
behaved  in  the  same  way  as  .the  normal  control  strain.  Mesnil  ‘and 
Brimont*!!  find  that  an  Atoxyl-resistant  strain  in  mice  is  still  influenced 
to  a  certain  degree  by  Asodyl,  very  slightly  by  trisulphide  of  arsenic. 
Whether  arsenious  acid  still  effects  Atoxyl-resistant  trypanosomes  or 

*  Ehrlich.  Verhandlungen  der  deutschen  derniatologischen  Gesellschaft,  X, 

(  ongress,  1908. 

t  Ehrlich.  Jour,  of  the  Roy.  Inst,  of  Public  Health,  Vol.  XX,  No.  7,  p.  391. 

:  Mesnil  et  Brimont.  Comptes  Rendus  de  la  Soc.  de  Biol.,  Tome  LXIV,  1008 
P-  637.  ^ 

§  Breinl  and  Nierenstein.  Deutsche  med.  Wochenschrift,  No.  27,  1908. 

H  Mesnil  et  Brimont.  Annales  de  ITnstit  Pasteur,  Tome  XXII,  p.  856,  1908. 
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not,  they  were  unable  to  decide  definitely.  They  confirm  the  above- 
mentioned  observations  of  Breinl  and  Nierenstein,  laying  particular 
stress  on  the  point  that  a  slight  resistance  may  still  be  noticed  when 
Atoxyl-resistant  trypanosomes  are  subinoculated  into  a  different 
species,  such  as  from  mice  into  a  dog  or  a  guinea-pig. 

Rbhl*'  states  that  trypanosomes  which  are  Atoxyl-resistant  in 
mice  are,  on  inoculation  into  rats,  not  absolutely  resistant,  though 
certainly  so  to  some  extent.  He,  however,  does  not  explain  whether 
this  resistance  was  only  noticeable  in  the  first  generation.  Further¬ 
more,  he  brings  forward  experimental  evidence  which  tends  to  show 
that  an  Atoxyl-resistant  strain  in  mice  on  subinoculation  into  rats  is 
not  affected  by  Atoxyl.  However,  as  inoculation  and  injection  were 
done  simultaneously,  in  our  opinion  no  definite  conclusion  can  be 
formed. 

We  regard  the  resistance  as  an  acquired  immunity  of  the  trypano¬ 
somes  against  the  Atoxyl-serum,  as  we  have  previously  pointed  out. 
This  is  in  accordance  with  our  observation,  confirmed  by  different 
observers,  that  the  Atoxyl  resistance  only  holds  good  for  the  one 
species  m  which  it  has  been  acquired.  The  trypanosomes  have 
become  tolerant  only  to  the  one  Atoxyl-serum  combination,  as  for 
example  in  the  mouse,  and  are  still  influenced  by  the  Atoxyl-serum  of 
the  rat. 

y\  similar  view  has  been  expressed  by  Mesnil  and  Brimont.f  In 
further  experiments,  however,  with  an  Atoxyl-resistant  strain  in  mice, 
sent  to  us  by  Professor  Ehrlich,  we  observed  that  the  resistance  after 
subinoculation  from  mice  into  rats  was  still  well  marked  in  the  latter 
animals  even  after  three  passages.  This  result,  also  obtained  by 
Rbhl,  seemingly  contradicts  our  previous  observations  that  the 
lesistance  is  confined  to  one  animal  species  only.  We  agree  with 
Rohl  s  opinion  that  the  seemingly  contradictory  results  concerning' 
resistance  can  only  be  explained  through  the  assumption  of  a  gradual 
increase  of  the  resistance,  after  numerous  passages  from  a  single 
animal,  at  first  to  animals  of  the  same  species,  and  later  to  animals  of 
a  different  species. 


K-ohl.  Rerl.  Klin.  Wochenschrift,  No.  ii,  1909. 
t  Mesnil  et  Brimont.  Annales  de  I’Instit.  Pasteur,  Tome  XXII,  p.  856,  1908. 
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THE  REGULARITY  OF  THE  TIME  OF  REAPPEARANCE 
OF  PARASITES  AFTER  TREATMENT 

It  IS  a  w6ll-known  fact  that  after  the  injection  of  a  trypanocide  in 
experimental  trypanosomiasis  the  parasites  disappear.  If  the  treat¬ 
ment  is  then  discontinued,  the  parasites  usually  reappear  after  a 
variable  period.  In  our  large  experience  with  T.  ga^nbiense  and 
T.  brucei  we  have  been  able  to  observe  that,  to  a  certain  extent,  a 
regularity  prevails  in  the  interval  between  disappearance  and 
reappearance.  In  infection  with  T .  gambiense  in  rats  and  monkeys, 
this  interval  usually  extends  over  fifty  to  sixty  days  after  injection  of 
Atoxyl  or  Orsudan  and  discontinuance  of  treatment.  In  infections 
with  T.  br2icei  in  rats,  guinea-pigs  and  dogs,  on  the  other  hand,  only 
sixteen  to  twenty-five  days  elapse  before  reappearance.  This  is  a 
very  interesting  observation,  for  which  we  are  at  present  unable  to 
account.  It  suggests  that  Atoxyl  may  be  retained  in  the  organism  for 
such  a  period,  and  that  only  after  its  entire  removal,  the  multiplication 
of  the  very  few  surviving  parasites  sets  in  anew.  This  discrepancy 
between  the  relapsing  time  after  infection  with  T.  brucei  and 
T.  gambiense  may  be  due  to  a  slower  multiplication  of  the  latter 
parasite  in  comparison  with  the  former.  In  our  therapeutical  experi¬ 
ments  with  p-  and  m-ammo-phenyl-stibinic  acid  the  relapsing  time 
did  not  generally  show  the  same  regularity. 

It  is  possible,  on  the  other  hand,  that  the  course  of  the  relapses  is 
determined  by  the  life-history  of  the  trypanosome.  Breinl  and  his 
co-workers  were  able  to  work  out  a  life-history  of  T.  gambiense  m 
the  warm-blooded  host,  but  after  prolonged  research  were  unable  to 
observe  any  life  cycle  of  T.  brucei,  and  could  only  demonstrate 
multiplication  by  simple  fission.  This  observation  makes  it  doubtful 
if  the  regularity  of  relapsing  time  can  be  dependent  upon  a  definite 
life  cycle. 


VALUE  OF  SUBINOCULATIONS 

Particular  stress  has  been  attributed  to  the  value  of  submoculation 
of  peripheral  blood  from  an  animal  after  treatment,  in  order  to  decide 
whether  the  animal  has  been  cured  from  the  disease.  In  our  opinion, 
no  conclusion  concerning  a  definite  cure  can  be  drawn  from  sub¬ 
inoculation.  If  subinoculations  are  made  shortly  after  injections  of  a 
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drug,  even  with  large  quantities  of  blood  into  susceptible  animals,  very 
rarely  do  parasites  appear  in  the  blood  of  the  subinoculated  animal. 
The  result  of  subinoculations  after  a  longer  interval  varies  consider¬ 
ably.  Even  in  the  case  of  large  animals  infeeted  with  T.  brucei,  after 
treatment  and  temporary  disappearance  of  the  parasites,  subinocu¬ 
lations  are  very  frequently  negative ;  sometimes,  hoAvever,  an 
infection  occurs  after  a  very  prolonged  incubation  period. 

Less  reliable  still  are  subinoculations  from  cases  of  Sleeping 
Sickness  patients  into  rats  and  guinea-pigs. 

The  following  is  an  illustration  of  this  statement. 

From  a  patient  in  a  comparatively  early  stage  of  trypanosomiasis, 
at  a  time  when  parasites  eould  be  seen  in  very  small  numbers  in  the 
peripheral  blood,  subinoculations  were  made  into  a  guinea-pig  and 
two  rats.  The  guinea-pig,  although  examined  daily  for  six  months, 
never  became  infected  after  injection  of  2  c.c.  of  blood.  Of  the  two 
rats,  both  showed  parasites  on  very  rare  occasions,  and  then  only  in 
very  scanty  number  (i  to  3  in  each  coverslip  preparation).  One 
showed  i5arasites  on  16  days  out  of  1 1 1  days,  the  other  on  14  days 
out  of  14  months  ;  both  died  from  intercurrent  diseases.  Although 
subinoculations  upon  rats  were  made  from  the  original  rats  on  days 
when  parasites  were  observed,  none  of  the  subinoculated  animals  ever 
became  infeeted. 

WHEN  CAN  AN  ANIMAL  BE  CONSIDERED  TO  BE  CURED? 

Many  statements  have  been  made  concerning  the  efficiency  of 
different  drugs  with  regard  to  the  effect  of  permanent  eures  in 
animals.  One  is  naturally  inclined  to  conclude,  from  a  rapid  and 
apparently  complete  destructive  action  of  arsenic  and  antimony  upon 
tiypanosomes  contained  in  the  blood,  that  the  organism  is  freed  from 
the  parasites.  However,  careful  examination  of  the  blood  after 
treatment  reveals  the  fact  that  only  too  often  parasites  reappear  again, 
even  after  very  prolonged  periods.  We  were  able  with  careful  daily 
examination  to  observe  relapses  in  rats  infected  with  T.  brucei  and 
treated  with  Atoxyl  after  a  negative  period  of  226  days  ;  and  in  rats 
infeeted  with  T.  equiferdum  and  treated  with  Orsudan  as  late  as 
105  and  126  days  after  discontinuation  of  the  treatment. 
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Similar  observations  have  been  made  by  Uhlenhuth  and  Woithe 
with  regard  to  a  dog  infected  with  T.  eqiiiperdinn,  subsequently 
treated  with  Atoxyl. 

In  animals  infected  with  7 .  gambiense,  the  average  relapsing  time 
after  discontinuation  of  treatment,  as  previously  remarked,  lies 
between  50  and  60  days ;  therefore,  observation  over  a  very 
prolonged  period  is  necessary  before  considering  an  animal  cured. 
Occasionally,  even  in  an  untreated  monkey  during  an  infection  with 
7.  gambiense,  longer  intervals  may  occur,  during  which  parasites,  in 
spite  of  careful  daily  examination,  cannot  be  detected,  and  only  inter¬ 
current  diseases  which  lower  the  vitality  of  the  infected  organism 
cause  a  leappearance  of  the  parasites.  Two  of  our  infected  monkeys 
succumbed  to  an  intercurrent  pneumonia  and  pleurisy.  In  the  blood 
of  the  animals,  although  parasites  had  not  been  seen  for  41  days, 
trypanosomes  in  scanty  number  reappeared  on  the  day  before  death. 

A  third  monkey,  a  very  large  Cercopiihecus  callitrichus,  had 
seemingly  recovered  easily  from  an  infection  with  T .  gambiense.  Its 
weight  increased,  the  blood  count  was  normal,  and  we  were  inclined  to 
assume  a  natural  cure  in  this  animal.  Subinoculations  made  upon 
rats  proved  negative.  After  a  negative  interval  of  74  days  the  animal 
suddenly  became  markedly  ill.  This  was  due  to  an  abscess  of  the 
gum,  which  spread  in  a  very  short  time  along  the  upper  jaw  and  led  to 
the  death  of  the  animal  at  the  end  of  three  days.  On  the  day  previous 
to  death,  trypanosomes  were  seen  in  the  peripheral  blood  in  very 
scanty  number  (i  to  3  coverslip  preparations).  At  death  only  one 
parasite  could  be  found  in  three  coverslip  preparations.  Subinocu¬ 
lations  into  two  guinea-pigs  and  two  rats  were  made  after  death  with 
fairly  large  quantities  of  blood.  One  guinea-pig  inoculated  intra- 
peritoneally  succumbed  to  a  purulent  peritonitis ;  the  second 
guinea-pig,  inoculated  subcutaneously,  developed  an  abscess  at  the 
site  of  inoculation,  but  became  infected  after  an  incubation  period  of 
15  days.  Both  rats,  inoculated  subcutaneously,  developed  a  typical 
infection  of  T .  gambiense,  and  succumbed  in  due  time  to  the  disease. 

These  observations,  together  with  many  others  made  during  our 
experimental  work,  point  to  the  assumption  that  the  general  condition 
of  experimental  animals  influences  to  a  large  extent  the  results 
obtained  in  therapeutical  experiments. 
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Contradictory  statements  have  frequently  been  made  with  regard 
to  efficiency  of  different  compounds  used  for  the  treatment  of  experi¬ 
mental  trypanosomiasis.  This  is  due,  to  a  great  extent,  to  the  species 
of  animal  used  for  the  experiments  and  to  the  virulence  of  the  strain 
of  trypanosomes  employed.*  Small  laboratory  animals,  as  mice,  rats, 
guinea-pigs  and  rabbits  react  in  different  ways  to  infection  with 
trypanosomes  and  also  towards  drugs.  The  most  conclusive  results 
are  obtained  by  using  rats,  as  these  animals  are  very  susceptible  to 
infections  with  trypanosomes,  and  their  reaction  is  very  constant. 
The  relapsing  time  is  fairly  regular  and  in  direct  proportion  to  the 
trypanocidal  action  of  different  compounds. 

Guinea-pigs  are,  as  Uhlenhuth,  Htibner  and  Woithe  and  ourselves 
have  pointed  out  before,  very  disappointing,  in  so  far  as  these  animals 
very  often  die  after  a  short  course  of  treatment  for  no  apparent  reason. 
Rabbits,  too,  are  only  to  a  certain  extent  reliable.  The  infection  is 
of  a  chronic  character,  and  parasites  are  usually  present  in  an 
exceedingly  small  number.  Symptoms,  such  as  inflammation  of  the 
eyelids,  swelling  of  the  ear  and  nose,  although  well  marked,  are 
generally  easily  controlled  by  the  different  trypanocidal  drugs. 

It  is  unsafe  to  draw  general  conclusions  from  experiments  with 
mice,  for  the  use  of  drugs  in  the  treatment  of  Sleeping  Sickness  and 
cattle  trypanosomiasis,  as  mice  tolerate  in  proportion  to  the  body 
weight  immense  doses  of  different  drugs.f 


Changes  of  virulence  have  been  noted  on  a  few  occasions  in  the  case  of 
7’.  gambiense.  On  one  occasion  T .  gambiense  was  recovered  from  the  blood  of  a 
monkey  at  the  time  of  a  relapse,  after  a  prolonged  negative  interval.  The  number 
of  parasites  in  the  blood  of  the  monkey  increased  very  rapidly  within  two  days  and 
killed  the  animal.  On  subinoculation  into  rats  it  was  noticed  that  these  animals 
succumbed  to  the  infection  usually  within  3  to  4  days.  After  a  passage  through 
guinea-pigs  the  heightened  virulence  of  the  strain  was  lost,  and  it  killed  rats  again 
in  the  normal  period,  namely  40-120  days. 

t  Compare  the  following  table  from  Kohl’s  publication.  (Zeitschrift  f. 
Tmmunitatsforschung,  Kd.  T,  p.  634.)  The  maximal  dose  pro  Kg.  body  weight: — 


Mouse 

Atoxyl. 
o‘  1 7  gm . 

Arseno-phenyl-glycinf. 
0*6  gm. 

Rat 

o'lygm. 

... 

.  0-4  gm. 

Guinea-pig 

o'oSgm. 

.  .  . 

...  ...  o'i2gm. 

Rabbit 

0-07  gm. 

0'22gm. 

Dog  . 

o’oi  gm. 

o'2gm. 

Horse 

.  0-075  gm. 
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Part  I 

TICKS  AND  OTHER  BLOOD-SUCKING  ARTHROPODA. 

TICKS  (IXODOIDEA) 

One  of  the  greatest  problems  which  confronts  the  pen  keepers 
of  Jamaica  is  the  eradication  or  control  of  those  ticks  which  by  their 
vast  numbers  have  rendered  nearly  all  the  grazing  districts  of  the 
Island  insufferable  to  man  and  a  veritable  plague  to  his  domesticated 
animals.  For  forty  years  or  so,  these  pests  seem  to  have  been  rapidly 
increasing,  and  to-day  they  swarm  in  incredible  numbers  and  are  a 
menace  to  the  stock-raising  industry  of  the  country.  The  more 
serious  nature  of  their  presence  is,  however,  the  fact  that  at  least  one 
of  the  species  is  responsible  for  the  transmission  of  disease  from  the 
sick  to  the  healthy  animal ;  and  the  losses  already  occasioned  by  the 
death  of  cattle  from  the  disease  tran.smitted  by  the  so-called  Texas- 
fever  tick  {Mar  gar  opus  annulatus  australis)  justify  the  most 
energetic  attempts  towards  the  control  if  not  the  extermination  of  this 
pest,  as  well  as  those  species  which  also  cause  serious  loss  by  gross 
tick  infestation. 

The  first  investigation  of  the  tick  problem  in  Jamaica  was 
conducted  by  the  late  Professor  Williams,  whose  report  is  published 
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in  the  supplement  to  the  Jamaica  Gazette*  for  October,  1896.  This 
author  claims  that  the  disease  as  witnessed  by  him  was  a  chronic 
form  of  ‘  Texan  fever  ....  conveyed  from  one  animal  to 
another  through  the  intervention  of  the  tick.’  His  recommendations 
for  the  control  of  the  ticks  will  be  considered  later.  Three  different 
kinds  of  ticks  are  mentioned  by  him  as  affecting  cattle.- — (i)  ‘The 
large  blue  cow  tick,  also  called  the  dog  tick,  Ixodes  ricinus,  the  first 
known  tick  on  this  Island  and  not  supposed  to  be  injurious  ’  ;  (2)  ‘  the 
silver  shield  tick  Ixodes  scapitlatus  ’ ;  and  (3)  a  tick  ‘  similar  to 
or  identical  with  specimens  of  the  Texan  cattle  tick  Ixodes  bovis! 
Subsequent  researches  have  shown  that  Ixodes  ricinus  does  not  occur 
in  any  of  the  West  Indian  Islands  or  in  South  America,  so  that  it 
must  have  been  a  case  of  mistaken  identity  on  the  part  of  Professor 
Williams,  and  this  species  has  therefore  been  eliminated  from  the 
list  of  Jamaican  ticks.  Ixodes  scapulatus  is  synonymous  with 
Aniblyomma  cajanense  and  Ixodes  bovis  =  Mar  gar  opus  annul  aius 
var.  australis. 

During  the  years  1896-7  an  endeavour  was  made  by  the  Institute 
of  Jamaica  to  secure  a  large  and  representative  collection  of  ticks 
from  all  parts  of  the  Island,  with  the  view  of  obtaining  the  specific 
identifications,  in  the  hope  that  such  might  throw  some  light  upon 
the  fever  from  which  the  cattle  were  then  suffering.  Many  contribu¬ 
tions  were  received  at  the  Museum  from  various  pen  keepers,  and 
the  whole  collection  was  subsequently  forwarded  to  Professor  G. 
Neumann,  Ecole  National  Veterinaire  de  Toulouse.  About  three 
years  later  a  list  of  the  ticks  of  Professor  Neumann’s  identification 
appeared  m  the  local  press,  together  with  the  names  of  the  hosts 
from  which  they  were  collected.  The  species  therein  recorded  are  :  — 
(i)  Rhipicephalus  annulatus  var.  microplus  from  cattle.  (This  is 
evidently  synonymous  with  var.  australis).  (2)  Rhipicephalus 
sanguineus  (from  horses  and  cattle).  (3)  D ermacentor  nitens  (from 
horses  and  mules).  (4)  Aniblyomma.  cajanense  (from  the  horse). 
(5)  Aniblyomma  (?)  coriaceum  (one  engorged  female  only  found  on 
grass) ,  this  is  a  doubtful  record  and  should  be  eliminated  from  the 
list  of  Jamaican  species  (6)  Argas  americanus  (  =  persicus),  from 
the  domestic  fowl.  W^ith  the  exception  of  the  Argas,  all  the  rest  were 


found  during  the  recent  expedition,  and  besides  these,  three  additional 
species  were  discovered,  viz. : — AmbLyomma  maculatmn,  A.  dissimile 
and  Afonomma  sp.  Neumann  in  recent  years  has  given  a  doubtful 
record  of  Rhipicephahis  bursa  americana,  so  that  the  total  number 
of  known  species  recorded  from  Jamaica  is  ten. 

Some  observations  on  the  relative  abundance  of  these  ticks  will 
be  found,  under  the  respective  species  which  are  recorded  in  this 
memoir.  But  it  may  be  well  to  state  here  that  the  most  abundant 
kind  is  the  Texas-fever  tick  {M.  annul alus  australis),  and  next  to 
this  in  point  of  numbers  is  the  silver  tick  {Amblyomma  cajanense). 
The  former  is  essentially  a  cattle  tick,  though  it  infests  other  animals 
also  ;  while  the  latter  is  a  more  general  feeder  and  although  less 
abundant,  is  one  of  the  greatest  curses  to  the  Island,  owing  to  the 
fact  that  it  occurs  in  all  its  stages  among  the  grass  and  pastures, 
almost  everywhere  attacking  man  and  beast  with  impunity.  The 
almost  total  immunity  of  the  Mysore  cattle  from  the  attacks  of  ticks 
of  all  kinds  was  most  marked ;  this  was  particularly  the  case  at 
Shettlewood  and  other  places,  where  this  breed  of  cattle  was  used  for 
draft  purposes.  Crosses  between  the  Mysore  and  other  breeds  were 
also  much  less  subject  to  the  attacks  of  these  pests  ;  while  Shorthorns, 
Devons,  Herefords,  and  Creoles  suffered  most.  Indeed  ticks  show 
a  decided  preference  for  all  cattle  which  have  little  or  no  Indian  or 
Spanish  strain  in  their  blood  ;  they  have  apparently  a  great  dislike 
to  animals  with  short  fine  hair  ;  hence,  probably,  the  immunity  of  the 
Indian  and  Spanish  races. 

It  is  claimed  also  that  ticks  show  a  decided  preference  for  animals 
in  bad  or  poor  condition  ;  and  that  a  small  percentage  of  animals  of 
all  breeds  are  much  more  susceptible  to  ticks  than  others  of  the  same 
herd  living  under  precisely  the  same  conditions.  Freshly  imported 
European  breeds  suffer  terribly,  due,  as  one  correspondent  puts  it,  to 
the  ‘  want  of  proper  care  and  attention  which  their  better  breeding 
requires  ;  consequently  these  animals  are  seldom  in  really  good  health, 
and  so  gradually  become  a  special  prey  of  ticks.’  Horses  with  long 
heavy  manes  and  excessively  hairy  fetlocks  are  particularly  troubled 
by  ticks,  but  there  are  instances  recorded  '  where  there  are  now  and 
always  have  been  horses  which  never  under  any  circumstances  have 
ticks  ’  (Clarendon  district).  Mules  are  particularly  free,  though,  like 
horses,  they  are  subject  to  the  tropical  horse  tick  (Dermacenior 
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nitens).  Goats  may  be  said  to  be  practically  immune  ;  but  pigs  are 
much  subject  to  them,  and  more  especially  are  the  ears  of  this  animal 
infested  by  the  ‘  grass  lice  ’  or  larvae.  Dogs  also  suffer,  chiefly  from 
the  bites  of  Rhipicephalus  sanguineus,  though  other  kinds  infest 
them. 


SEASONAL  PREVALENCE  OF  TICKS 


During  the  writer’s  stay  in  the  Island,  from  the  end  of  November 
till  the  end  of  January,  ticks  of  nearly  all  kinds  were  found  breeding 
in  profusion ;  and  the  commoner  species  were  seen  in  all  stages, 
including  eggs,  larvae  ('  grass  lice  ’),  nymphs  and  adults.  The  informa¬ 
tion  supplied  by  the  planters  points  very  clearly  to  the  fact  that  the 
season  in  which  ticks  are  most  prevalent  is  during  the  dry  winter 
months,  and  that  relatively  few  ticks  are  found  during  the  rainy 
season.  There  is  some  indication,  however,  that  the  seasons  may 
vary  in  certain  parts  of  the  Island,  more  especially  so  in  the  parish  of 
St.  Mary  and  Portland.  It  may  be  interesting,  if  not  important  from 
an  economic  point  of  view,  therefore,  to  give  a  tabular  statement  of 
the  returns  which  were  made  in  regard  to  this  question  .-  — 


Season  during  which  Ticks  are  said  to  be  most  abundant 


Parish 


Grass  Lice  or  Larvae 


Stages  not  stated 


St.  Ann  ... 
St.  Andrew 
Clarendon 
St.  Catherine 
St.  Elizabeth 
St.  James 


N  ovember- April 


August-April 
N  ovember- April 
November-April 
N  ovember-May 
December-May 
January  and  February 
November-April 

Adarch-September  or  during  spring 


Dry  season 
Not  stated 
Dry  season 
Dry  season 
Dry  season 
Not  stated 
Dry  season 


Manchester 
St.  Mary 


and  hot  weather 

April  and  May  or  ‘  early  part  of  year  ’ 
‘  Spring  months  ’ 

August-April 
Dry  season 


Portland  ... 
St.  Thomas 
Trelawney 


Not  stated 
Not  stated 
Not  stated 
Dry  season 


Westmoreland 


EFFECT  OF  RAIN  OR  WATER  ON  TICKS 
AND  THEIR  EGGS 


No  experiments  were  made  to  determine  the  effect  of  submerging 
the  eggs  of  ticks  in  water.  But  Hunter  and  Hooker,*  in  their  valuable 
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Report  on  the  North  American  Fever-tick,  have  shown  that  eggs 
which  were  submerged  for  a  period  of  from  ten  to  twenty-four  days 
nearly  all  hatched;  and  that  33  per  cent,  hatched  after  being 
submerged  for  twenty-five  days.  These  experiments  were  conducted 
in  order  to  ascertain  what  effect  the  flooding  of  pastures  would  have 
on  '  the  viability  of  ticks’  eggs  on  the  ground.’  These  authors  also 
proved  that  grass  lice  have  a  remarkable  resistance  to  water ;  and 
that  'flooding  under  some  conditions,  as,  for  instance,  during  a 
drought,  might  hasten  incubation.’ 

That  there  is  a  diminution  of  ticks  in  Jamaica  during  the  rainy 
season  has  already  been  pointed  out ;  but  it  is  clearly  evident  that 
this  is  not  brought  about  altogether  by  excessive  rains.  In  the  light 
of  our  present  knowledge  of  the  habits  of  the  Jamaican  species,  one 
can  only  conclude  that  the  dry  season  is  more  suitable  for  the 
development  of  the  ticks  than  other  times. 

DISSEMINATION  OF  CATTLE  TICKS  BY  VARIOUS  AGENCIES 

The  dispersal  of  ticks  has  been  brought  about  almost  entirely  by 
the  hosts  to  which  the  various  species  are  peculiar  ;  and  the  importa¬ 
tion  of  infested  cattle  into  various  countries  has  been  the  sole  means, 
practically,  by  which  these  pests  have  been  disseminated  over  the 
larger  portions  of  the  tropical  and  sub-tropical  parts  of  the  world. 
Man  alone  is  entirely  responsible  for  this  ;  ’and  it  is  only  during  recent 
years  that  any  steps  have  been  taken  to  enforce  quarantine  or  to 
control  in  any  way  the  movement  of  live  stock  on  their  introduction 
into  a  new  country.  The  question  of  rendering  a  tick-infested  country- 
free  from  these  animals  is  an  all-important  one  ;  and  even  if  this 
were  accomplished  on  a  relatively  small  scale  it  remains  to  be  seen 
how  best  such  an  area  can  be  protected  from  re-invasion,  as  there 
are  certain  agencies  by  which  this  could  be  brought  about  in  a  small 
way  other  than  by  the  careless  introduction  of  tick-infested  cattle. 
A  small  proportion  may  be  wind  borne,  though  it  is  doubtful  if  such 
an  agency  would  carry  ‘  grass  lice  ’  to  any  great  distance  from  an 
infested  area.  Hosts  unsuitable  to  the  development  of  the  Texas 
fever  tick,  such  as  dogs,  horses',  pigs,  goats,  or  other  domesticated 
animals,  or  even  man,  could  bring  this  about  in  a  small  degree,  so 
that  the  greatest  possible  care  must  be  exercised  in  dealing  with  this 
problem.  It  has  been  assumed  that  the  ‘  Bull  Frog’  (JBufo  marinvs) 
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may  also  be  the  means  of  disseminating-  cattle  ticks.  This  supposi¬ 
tion  cannot,  however,  hold  good,  as  the  writer  found  no  evidence  in 
support  of  this  theory.  Not  a  single  tick  was  found  on  this  animal 
with  the  exception  of  the  species  {Aniblyomma  dissiniile),  which  is 
peculiar  to  this  Batrachian.  Moreover,  these  animals  do  not  wander 
far  afield,  so  that  it  is  positively  certain  that  they  are  not  and  cannot 
have  been  responsible,  in  any  degree,  for  the  dissemination  of  cattle 
ticks.  The  mongoose  has  also  been  accused  of  carrying  ticks  from 
one  district  to  another,  and  there  may  be  some  truth  in  this  state¬ 
ment  ;  but  further  proof  is  necessary,  all  the  more  so,  seeing  that  this 
animal  seems  to  be  remarkably  free  from  tick  infestation.  However, 
such  an  animal  might  easily  carry  a  colony  of  ‘  grass  lice,’  in  its  coat 
of  long  hair,  to  a  very  great  distance  before  the  parasites  relinquished 
their  hold.  It  seems  to  the  writer,  however,  that  he  is  rather  begging 
the  question  in  discussing  these  apparently  trivial  points  in  regard 
to  both  the  Bull-frog  and  the  Mongoose.  But  these  were  matters  to 
which  his  attention  was  frequently  called  during  his  stay  in  the 
Island ;  and  the  best  interpretation,  in  the  light  of  our  present 
knowledge,  has  been  given. 


THE  PREVAILING  CONDITIONS  UNDER  WHICH  PASTURES  ARE 
EITHER  MOST  FREE  OR  MOST  INFESTED  WITH  TICKS 


One  of  the  questions  put  to  the  Pen  Keepers  was :  ‘  Have  you 
made  any  observations  as  to  the  conditions  under  which  pastures  are 
(<2)  most  free  of  ticks,  (Jj)  most  infested  with  ticks  ?’  There  were 
twenty-six  replies,  of  which  a  tabulated  resume  is  here  appended  :  — 


(a)  Most  free  from  ticks 

10.  Pastures  free  from  weeds  and  bush 

I.  Poor  land  and  poor  feeding 

I.  Common  grass 

I.  Scarcity  of  green  grass 

i.  Guinea  grass  not  fed  by  stock 

I .  Pastures  under  constant  feeding 

I.  Pastures  in  which  cattle  are  kept  from 
June  to  December 

I.  When  stock  are  absent 


(b)  Most  infested  with  ticks 
5.  Guinea  grass  and  dirty  pastures 
I.  Guinea  grass 

I.  Rich  glades  with  high  guinea  grass 
I.  An  abundance  of  dry  grass 
I.  Heavily  shaded  and  foul 

I.  Pastures  in  which  cattle  are  kept  from  January 
to  May 

I.  .Periodically  fed  guinea  grass 
I.  Bushy  and  hard  fed  pastures 

I.  Clumps  of  bamboos  with  trash  beneath 
them 

I.  Accumulations  of  tr.ash  in  cool  shady  places 
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Judging  by  these  statements  it  is  clearly  evident  that  ticks  are 
most  prevalent  in  dirty  pastures  with  weeds,  scrub  and  trash  about 
them.  On  the  other  hand,  there  is  abundant  evidence  that  clean 
pastures  are  freer  from  these  pests.  We  must  not  lose  sight  of  the 
fact,  however,  that  ‘  grass  lice,’  in  particular,  will  always  be  less  evident 
on  clean  ground  than  on  weedy  or  scrubby  ground,  as  under  the 
former  conditions  they  have  less  opportunity  of  clinging  to  the 
garments  of  any  person  who  may  pass  over  infested  areas.  With  tall 
grass  and  scrub  it  is  different,  because  the  '  grass  lice  ’  climb  to  the 
higher  stems  and  leaves,  and  in  this  way  more  readily  attach  them¬ 
selves  to  man  and  thus  render  themselves  more  conspicuous. 

Shade  and  a  certain  amount  of  moisture  appear,  however,  to  be 
highly  essential  to  the  development  of  cattle  ticks,  and  as  such 
conditions  obtain  to  a  greater  extent  in  dirty  pastures  and  among  tall 
guinea  grass,  there  can  be  little  doubt  that  more  ‘  grass  lice  ’  will  hatch, 
and  possibly  survive  for  longer  periods,  under  such  conditions  than  in 
a  clean  open  pasture  exposed  to  the  full  blaze  of  a  tropical  sun. 

LONGEVITY  OF  TICKS  WITHOUT  ACCESS  TO  A  HOST 

That  various  ticks  are  capable  of  fasting  for  very  long  periods 
has  been  proved  repeatedly  by  many  investigators  in  different  parts 
of  the  world.  In  Jamaica,  however,  nothing  has  been  done  in  regard 
to  this  subject,  and  it  remains  to  be  seen  how  long  the  two  more 
abundant  species  may  survive  without  access  to  a  host.  This  is  a 
most  important  matter,  as  it  materially  affects  the  methods  of  control 
when  dealing  with  tick-infested  land.  For  the  Texas  fever  tick 
{M.  annulatus  australis)  it  is  essential  only  to  test  the  duration  of 
life  in  the  larva.  The  silver  tick  {Ambly omnia  cajanense),  on  the 
other  hand,  presents  a  more  difficult  problem,  as  the  duration  of  life 
without  access  to  a  host  must  be  determined  in  all  three  of  its  stages 
— larva,  nymph  and  adult. 

The  American  authors,  Hunter  and  Hooker,*  proved 
experimentally  that  the  North  American  fever  tick  {Mar  gar  opus 
annulatus),  the  typical  form  of  the  variety  found  in  Jamaica,  can 
survive,  in  its  larval  stage,  without  a  host  for  a  period  varying  from 
49  to  159  days;  and  we  shall  probably  find  that  the  Jamaican 


*  Loc.  cit..  p.  25 


variety  is  capable  of  surviving  for  a  sniiilar  period.  Assuming  this 
to  be  the  case,  and  we  add  to  these  data,  the  period  from  the  time 
the  female  drops  from  the  host  to  the  hatching  of  the  larvae  or  ‘  grass 
lice,’  we  find  that  the  non-parasitic  period  may  range  from  93 
to  200  days,  approximately,  so  that  these  data  give  us  important 
information  on  the  question  of  tick  eradication,  in  so  far,  at  least,  as 
the  Texas  fever  tick  is  concerned.  But  we  have  little  to  guide  us 
m  regard  to  the  other  Jamaican  species  (A.  cajanense),  though  we 
have  ascertained  the  facts  regarding  the  incubation  period  of  the  eggs 
and  other  matters  relating  to  the  earlier  stages  of  this  pest. 

Many  interesting  details  could  be  given  here  in  relation  to  the 
longevity  of  various  kinds  of  ticks  found  in  other  parts  of  the  world, 
but  such  facts  could  have  no  practical  bearing  on  the  subjects  under 
consideration. 

One  authority  claims  that  ‘  young  ticks  or  “  grass  lice  ”  stick  the 
juice  from  the  young  blades  of  grass  and  grow  and  thrive  upon  it 
until  a  better  host  comes  along  ’ ;  further  that  the  ‘  young  and  tender 
shoots  of  the  springing  that  follows  burning  affords  an  irresistible 
temptation  to  young  ticks  ....  so  much  so  that  they  can  be  seen  in 
millions  going  from  adjoining  pastures  to  a  newly  burnt  one.’  It  is  a 
commonly  accepted  theory  among  peasantry  also  that  ticks  can  live 
and  multiply  without  an  animal  host,  becoming  blood  suckers  when 
occasion  serves,  and  though  it  may  appear,  in  some  cases,  as  if  this 
were  founded  on  fact,  the  inference  is  wrong.  There  is  no  evidence 
that  ticks  of  any  kind,  can  survive  or  mature  on  a  vegetable  diet. 


LIFE  CYCLE  OF  TICKS 

Some  details  concerning  the  life  histones  of  the  Jamaican  ticks 
are  given  in  this  Report  (pp.  434-446),  which,  so  far  as  they  go, 
form  a  basis  for  economic  procedure  in  dealing  with  tick-infested 
pastures. 

All  ticks  undergo  a  metamorphosis  which  consists  of  the  following 
stages:  I,  the  egg;  2,  the  larva  or  'grass  louse’  stage;  3,  the 

nymph  ;  and  4,  the  sexually  mature  stage. 

^ggs-  These  are  laid  upon  the  ground  in  masses,  apparently 
m  sheltered  spots.  At  first  they  are  pale  brownish-yellow, 
but  eventually  change  to  translucent  brown,  resembling  the  colour 
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of  common  commercial  glue.  As  incubation  advances,  a  small  whitish 
spot  appears  beneath  the  cuticle,  evidently  formed  by  the  excreta  of 
the  embryo.  The  incubation  period  varies  in  the  different  species, 
and  temperature  has  evidently  a  marked  effect  upon  the  development 
of  the  embryo.  These  produce  :  — 

Larvae,  'grass  lice'  or  'seed  ticks!  All  larvae  are  six-legged; 
and  the  sexes  are  not  distinguishable.  On  hatching  from  the  egg 
they  crawl  up  the  stems  of  grasses  and  other  plants,  usually  to  the 
topmost  leaf  or  stem,  congregating  together,  sometimes  in  enormous 
numbers.  The  ‘  clusters  ’  or  '  nests  ’  are  as  a  rule  the  progeny  of  one 
parent.  They  remain  in  such  situations  for  a  host ;  meanwhile  no 
kind  of  food  is  taken  as  a  substitute  for  blood ;  and  they  are  capable 
of  fasting  for  very  long  periods,  though  it  is  highly  probable  that 
nature  provides  them  with  a  store  of  food  which  may  tide  them  over 
the  first  few  weeks.  When  a  host  is  secured  they  take  a  meal  of 
blood,  filling  and  distending  their  bodies  considerably.  The  first 
moult  takes  place  afterwards,  and  the  eight-legged  or  nymphal  stage 
is  reached. 

Nymph  (PI.  XIII,  figs,  i,  2).  In  this  stage  also  there  is  no  sexual 
distinction.  The  animal  has  now  increased  in  size,  though  it  may  be, 
and  often  is,  smaller  than  a  fully  engorged  larva.  Again  the  tick  fills 
itself  to  repletion,  the  body  becoming  greatly  distended  during  the 
process.  Shortly  after  feeding,  the  nymphal  skin  is  cast  and  the 
sexually  mature  stage  is  reached. 

Adult  Tick  (PI.  XIII,  figs.  I,  2).  The  sexually  mature  male  and 
female  are  often  identical  in  size  immediately  after  the  change  from 
nymph  to  adult,  and  females  of  small  size  may  frequently  be  found  in 
coitu  (Mar garopus  annulatus  australis').  Little  change  takes  place 
in  the  male  after  feeding ;  but  the  female  in  filling  her  body  to 
repletion  becomes  enormously  distended,  increasing  in  size  from 
thirty  to  forty  diameters.  She  falls  from  the  host  when  fully 
engorged,  and  after  the  lapse  of  a  few  days  begins  to  lay  her  eggs. 
This  process  is  continued  over  several  days  ;  and  in  the  end  the 
female  dies,  leaving  her  body  attached  to  the  little  mass  of  eggs. 
This  is  briefly  the  metamorphosis  of  the  cattle  ticks,  and  the  cycle  is 
practically  the  same  in  all  other  known  .species  of  this  division  of  the 
Ixodoidea.  In  habits,  however,  they  vary  considerably  :  some  species 
require  but  one  host,  such,  for  instance,  as  the  cattle  tick  of  Jamaica 


{Margaropus  annulatus  auslraLis)  ;  others  have  two  hosts ;  and,  like 
the  silver  tick  (Amdlyonmia  cajanense),  others  again  require  three 
hosts.  With  the  first  named,  all  the  meals  and  both  moults  are 
effected  on  the  same  animal.  The  second  kind  moults  on  the  first 
host  as  a  larva,  and  leaves  the  host  as  a  fully  engorged  nymph,  moults 
for  the  second  time  on  the  ground,  and  when  sexually  mature  seeks 
another  host.  The  last  named  undergoes  both  moults  upon  the 
ground  ;  the  first  as  a  larva,  the  second  as  a  nymph,  so  that  in  this 
way  three  different  hosts  are  required.  With  such  ticks  as  these, 
there  are  three  non-parasitic  periods,  and  for  this  reason  the  complete 
life-cycle  must  often  be  greatly  prolonged  in  the  absence  of  a  host, 
and  the  probabilities  are  that  large  numbers  perish  for  the  want  of 
food.  With  the  fowl  tick  {Argas  persicus)  the  parasitic  periods,  with 
the  exception  of  that  of  the  larva,  are  all  of  short  duration,  and  the 
female  may  live  for  a  very  long  period  producing  many  batches  of 
eggs  at  irregular  intervals. 


STRUCTURAL  CHARACTERS  OF  TICKS 

These  animals  are  divided  into  two  families:  i,  the  Argasidae  ; 
2,  the  Ixodidae.  There  are  representatives  of  both  groups  in 
Jamaica,  though  the  prevailing  forms  belong  to  the  second  division. 
It  IS  not  intended  to  enter  fully  into  the  structural  details,  but  to 
point  out  some  of  their  more  salient  characteristics. 

Argasidae.  Distinguished  chiefly  by  the  absence  of  a  scutum  or 
shield  on  the  upper  surface  of  the  body.  The  fowl  tick  {Argas 
persicus^  is  the  only  representative  of  this  group  hitherto  found  in 
Jamaica. 

Ixodidae.  All  the  members  of  this  family  are  provided  with  a 
shield  or  scutum  (fig.  i)  and  the  mouth  parts  (capitulum,  figs,  i,  2) 
project  in  front  of  the  body.  The  males  differ  from  the  females  in 
having  nearly  the  whole  of  the  upper  parts  of  the  body  covered  with  a 
shield  ;  in  the  females  this  is  not  so  ;  in  some  species  the  shield  is 
extremely  small,  especially  so  in  the  genus  Margaropus,  in  which  it 
is  scarcely  visible  in  the  engorged  female.  With  the  exception  of 
Argas  persicus  all  the  other  known  species  found  in  Jamaica  belong 
to  this  group.  The  structural  details  of  one  of  the  members  of  this 
family  {Amhlyomma  cajanense)  are  shown  in  the  accompanying 
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figures  (i  and  2),  but  these  can  be  seen  only  by  the  aid  of  a  micro¬ 
scope.  The  various  phases  in  the  development  of  the  Texas  fever 
tick  and  the  silver  tick  are  illustrated  on  the  accompanying  Plate  XlII, 
figs.  I,  2. 


Fig  I.  .Silver  Tick  [Amblyomma  caj'anense).  Unfed  female. 
Enlarged  ten  diameters,  about. 


Fig.  2.  Mouth  parts  (capitulum)  of  Silver  Tick  {Amblyomma 
cajanense).  Ventral  aspect.  Greatly  enlarged. 


ARTIFICIAL  KEY  TO  THE  JAMAICA  TICKS 

The  subjoined  key  to  the  ticks  found  in  Jamaica  is  decidedly 
artificial  in  its  arrangement.  It  has  been  devised  as  a  ready  means 
of  assisting  in  the  identification  of  ticks  without  recourse  to  a  micro- 
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scope,  though  a  pocket  lens  will  be  needed  in  order  to  determine  the 
sculpturing  of  the  integument  and  those  other  characters  which  are 
embodied  in  the  synopsis.  It  has  not  been  possible  to  devise  a  key 
for  the  identification  of  the  various  stages  in  the  development  of  the 
young  adult  females,  as  these  vary  so  greatly  in  size  and  shape  that 
it  would  be  impossible  to  do  so  with  any  degree  of  accuracy  or  without 
entering  into  minute  microscopical  characters  which  for  the  most  part 
are  visible  only  after  careful  and  somewhat  tedious  preparation.  The 
exact  determination  of  the  closely  allied  species  of  Rhipicefhalus 
cannot,  however,  be  made  without  a  very  careful  study  of  the  minute 
anatomical  characters  by  an  expert. 

Key  to  the  Nine  Species  of  Ticks  found  in  Jamaica. 

A.  .Scutum  or  shield  absent.  Sexes  similar.  Distension  after  feeding 
slight  in  both  sexes. 

T .  Colour  chocolate  brown  ;  body  flat ;  skin  with  numerous 
oval  and  round  discs  -  -  Argas  persicus  (p.  434). 

B.  Scutum  present.  Sexes  dissimilar.  Distension  after  feeding 

great  in  female,  very  slight  in  male. 

Male 

Upper  surface  yellowish  brown,  reddish  brown  or  pitchy 
brown. 

2.  Mouth  parts  angulate  at  sides ;  ventral  surface  behind  the 

anus  without  a  median  furrow 

Mar garopus  anniilatus  australis  (p.  435). 

3.  Mouth  parts  similar  to  2  ;  ventral  surface  behind  anus  with 

a  well-defined  median  furrow ;  scutum  covered  with  fine 
but  well  separated  punctations  - 

Rhipicephalus  bursa. 

4.  Mouth  parts  similar  to  2  ;  ventral  furrow  as  in  3,  scutum 

with  large  and  small  punctations  distributed  regularly 
over  the  whole  surface  - 

Rhipicephalus  sanguineus  (p-437)- 

3.  Mouth  parts  not  angulate  at  sides  ;  scutum  pitchy  black, 
with  a  median  row  of  punctations  on  posterior  half 

Dermacentor  nitens  (p.  43Q). 
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Upper  surface  variegated . 

f).  Dark  rich  red-brown  markings  on  a  paler  ground  forming 
a  mask-like  pattern  -  Amhlyomma  niaculaliim  (p.443). 

7.  Pale  brownish  yellow  with  silvery  white  markings  -  - 

Amblyoinma  cajane^tse  (p.  440). 

8.  Yellowish  with  yellow-brown  spots  and  radiating  lines  - 

Ainblyoumia  dis simile  (p.  445). 

Replete  or  Engorged  Female 

B.  1.  Scutum  very  small,  uniformly  red-brown  ;  body  greenish  or 
leaden- grey. 

1.  Mouth  parts  angulate  ;  body  slightly  glossy;  pale  to  dark 

olive  green,  sometimes  yellowish  - 

Mar garopus  annulahis  var.  australis  (p.  435). 

2.  Similar  to  i.  Scutum  covered  with  fine  but  distinct 

punctations  -  -  -  Rhipicephalus  bursa. 

3.  Mouth  parts  and  colour  similar  to  i.  Scutum  distinctl)' 

emarginate  in  front,  with  large  and  small  punctations. 
Generally  smaller  than  i  -  -  - 

Rhipicephalus  sanguineus  (p.  437). 

B.  11.  Scutum  uniformly  black-brozvn  or  pitchy  ;  body  uniformly 
dull  yellow  or  drab  yellow. 

4.  Integument  of  body  with  minute  obscure  spots  - 

Dermacentor  nitens  (p.  439). 

B.  III.  Scutum  with  large  coppery  spot  at  apex. 

y  Colour  of  body  similar  to  4.  Spots  on  integument 
generally  visible  to  naked  eye  _  _  _ 

.■imblyomma  dissimile  (p.  445). 

B.  IV.  Scutum  variegated. 

6.  Scutum  with  silvery  grey  markings ;  colour  of  body 

resembling  i,  but  with  distinct  though  somewhat 
suffused  purple-brown  reticulations  - 

Amblyomma  cajanense  (p.  440). 

7.  Scutum  with  dark  red  net-like  pattern  ;  body  leaden  grey. 

Amblyomma  maculatum  (p.  443). 

8.  Adult  Aponomma  sp.  Not  discovered  (p,  447.) 

All  these  show  conspicuous  bright  yellow  markings  after  leaving 
the  host  and  during  the  period  of  egg  laying. 
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CHICKEN-FEVER  TICK 

Arg'as  persicus  (Oken). 

The  larval  stages  of  this  Argasid  were  found  ‘  adhering  to  the 
skin  of  the  common  fowl’  at  Kingston,  by  Dr.  J.  W.  Plaxton,  in  or 
about  the  year  1896.  These  examples  were  identihed  by  Neumann, 
and  subsequently  recorded  in  the  local  press,  as  then  forming  part  of 
the  local  collection  in  the  Museum  of  the  Institute  of  Jamaica  (No. 
4,165).  A  thorough  search  for  this  tick  was  made  in  several  localities 
without  discovering  any  trace  of  it — neither  were  specimens  received 
from  any  part  of  the  country,  though  one  frequently  heard  of  a 
‘  fowl-tick,’  but  whether  it  was  of  this  kind  or  one  of  the  common 
cattle  ticks  of  the  country  is  not  clear ;  but  seeing  that  it  has  already 
been  recorded,  the  probabilities  are  that  it  will  be  found  in  many 
localities,  though  it  may  prove  to  be  somewhat  local  in  its  distribution. 

The  bites  of  this  tick  are  dangerous,  and  are  said  to  cause 
prolonged  sickness  in  man  in  Persia.  It  is  also  the  cause  of  Spiro- 
chaetosis  in  fowls,  acting  as  the  intermediary  host  of  Spirochaeta 
marchouxi,  Nuttall.  Like  the  other  members  of  the  sub-family  to 
which  it  is  related,  it  is  not  a  permanent  parasite,  though  it  remains 
on  the  host  for  a  few  days  when  in  its  larval  or  young  stage,  in  which 
it  is  generally  known  as  a  ‘  seed  tick.’  It  is  strictly  nocturnal  in  its 
habits,  and  after  casting  its  larval  skin  feeds  only  at  night,  leaving 
the  host  immediately  after  taking  a  meal  of  blood,  seeking  shelter 
in  any  hole  or  crevice  in  the  fowl-roost  into  which  it  can  wedge  itself. 
In  these  respects  therefore  it  very  closely  resembles  the  common 
bed-bug  {Cimex  lecUilariiis).  Unlike  the  cattle  ticks,  the  female  does 
not  die  after  laying  her  first  batch  of  eggs,  but  often  survives  for  long- 
periods,  taking  frequent  meals  of  blood  when  the  host  is  available, 
and  laying  eggs  at  irregular  intervals  throughout  life.  They  can  be 
reared  in  this  country  (England)  if  placed  in  a  suitable  temperature  ; 
but  great  numbers  die  off  in  the  dry  atmosphere  of  the  incubator. 

Hunter  and  Hooker^'  give  a  great  many  interesting  details 
regarding  the  life-history  and  habits  of  this  species.  Full  tables  are 
given  by  these  authors  on  the  oviposition  as  observed  at  Dallas  in 
Texas,  and  the  figures  given  show  that  the  number  of  eggs  laid  by 

Ibid.,  pp.  45-46. 
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the  females  after  the  first  engorgement  varied  from  32  to  247  ;  after 
the  second  engorgement  55  to  199,  and  after  the  third  engorgement 
32  to  454.  The  incubation  period  varied  from  fourteen  to  sixteen 
days.  Lounsbury*  has  given  a  very  full  account  of  the  life-cycle  and 
habits  of  this  tick,  which  should  be  read  by  all  who  are  interested  m 
this  subject. 

TEXAS-FEVER  TICK 

Margaro'pus  anniilaius,  var.  auslralis-\  (Fuller). 

Male.  Dorsum  bright  red-brown  to  castaneous  or  chestnut  brown, 
with  more  or  less  regular,  branched,  black  markings.  Legs  pale 
yellowish-brown.  Venter,  in  the  space  between  the  legs,  brown  to 
pale  brown  or  almost  colourless.  Ventral  shields  and  caudal  process, 
bright  chestnut  brown.  Length  2'2S  mm. 

Unengorged  fe7nale  (i.e.  at  period  of  fecvmdation).  Dorsum  with 
three  well-defined  grooves ;  pale  ochreous  brown  clouded  with  smoky 
brown.  Scutum  bright  chestnut  brown  ;  eyes  darker,  tinged  with 
dull  crimson.  Legs  ochreous  brown  to  red-brown.  Ventral  surface 
pale  leaden  grey  with  irregular  pale  ochreous  blotches  or  markings. 
Length  2’50  to  3  mm. 

Engorged  female,  immediately  after  removal  from  host.  Dull 
olivaceous  to  leaden  grey,  sometimes  with  a  faint  greenish-yellow 
tinge ;  yellowish  markings  not  nearly  as  pronounced  as  in  females  at 
the  period  of  parturition,  being  almost  obscure  in  some  individuals. 
Ventral  surface,  paler,  especially  so  on  the  anterior  half,  which  is 
usually  of  a  leaden  grey  colour.  Small  area  surrounding  the  anus, 
whitish.  Length  10  to  ii  mm. 

Engorged  female,  four  days  after  removal  from  host.  Body, 
slightly  glossy;  pale  to  dark  olive  green,  often  with  distinct  yellow 
markings ;  scutum  small,  dark  red-brown  to  chestnut  brown ;  legs 
very  pale  brown,  faintly  yellowish  beneath  towards  the  tips. 

Habits.  This  tick  requires  but  one  host  during  its  developmental 
cycle ;  though,  as  in  the  case  of  all  other  known  ticks,  the  female 
lays  her  eggs  upon  the  ground  and  the  larvae  or  ‘  grass  lice  ’  which 
they  give  rise  to,  crawl  up  the  stems  and  leaves  of  various  plants, 
&c.,  congregating  together  precisely  in  the  same  way  that  other  larval 

*  Agric.  Journ.,  Cape  of  Good  Hope,  Vol.  XXIII.  No.  3,  pp.  261-273.  (Illustrated.) 

t  Professor  G.  Neumann  has  kindly  confirmed  the  Author’s  identification  of 
this  species. 
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ticks  do,  and  in  such  elevated  positions  await  some  passing  host. 
When  once  the  larva  has  secured  a  host,  it  feeds,  and  after  repletion 
casts  its  skin  and  becomes  a  nymph.  In  this  latter  stage  it  takes 
another  meal  of  blood,  afterwards  casting  its  skin,  and  this  brings  it 
to  the  sexually  mature  stage.  So  that  all  its  meals  and  both  its 
moults  are  effected  on  one  host.  Pairing  also  takes  place  on  the 
host ;  and  in  a  very  large  percentage  of  cases  the  male  takes  up  a 
position  close  to  the  nymphal  female,  considerably  in  advance  of  the 
time  when  the  latter  undergoes  her  last  moult  and  becomes  sexually 
mature.  This  habit  seems  to  be  quite  general,  though  almost  any 
number  of  adult  couples  may  also  occur  on  the  same  host.  As  in  the 
case  of  the  ‘  silver  tick  ’  (^Amblyomma  cajanense),  no  observations 
were  made  as  to  the  parasitic  period.  But  it  was  found  that  egg 
laying  takes  place  in  from  seven  to  fourteen  days  after  the  replete 
female  is  removed  from  the  host,  and  that  the  larvae  or  grass  lice 
begin  to  hatch  on  the  thirty-fifth  day  and  continue  to  do  so  till  the 
forty-second  day.  So  that  the  length  of  the  non-parasitic  stage  may 
be  given  as  fifty-six  days  during  the  dry  season.  The  number  of  eggs 
laid  by  the  female  varies  from  i,ooo  to  2,000  approximately. 

It  is  by  far  the  most  abundant  tick  in  the  Island ;  and  from  90  to 
95  per  cent,  of  the  species  found  on  cattle  were  of  this  kind. 

Hosts.  The  ox  is  the  principal  host  of  this  tick,  both  in  Jamaica 
and  elsewhere  outside  the  Island.  In  three  instances,  mature 
examples  of  both  sexes  were  found  on  the  dog,  associated  with 
Rhipicephalus  sanguineus]  several  adults  and  nymphs  were  also 
found  on  the  horse,  but  the  females  from  this  host  were  much  smaller 
than  those  taken  either  from  cattle  or  dogs.  It  is  generally  believed 
that  the  larval  or  ‘  grass  lice  ’  stage  will  attack  any  vertebrate  animal 
that  comes  in  its  way.  It  is  in  this  stage  that  it  is  such  a  great  pest 
to  man. 

Distribution.  Occurs  everywhere  in  the  grazing  district  through¬ 
out  the  Island.  Specimens  were  obtained  in  all  the  parishes ;  the 
only  locality  from  which  specimens  were  not  received,  was  Water 
Valley,  a  banana  property  in  the  Parish  of  St.  Mary,  though  it  was 
swarming  elsewhere  in  the  district  a  few  miles  away.  So  far  as  one 
could  ascertain  it  did  not  occur  at  a  greater  altitude  than  2,000  to 
3,000  feet,  but  this  requires  confirmation. 
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Distribution  outside  the  Island  of  Jamaica.  Australia,  South 
America,  and  several  of  the  West  Indian  Islands.  Very  closely  allied 
forms  occur  also  in  South  Africa  and  Japan. 

LARGE  RED  TICK 

Rhifice-phalus  sanguineus f  Latr. 

Unengorged  female.  Dark  red-brown;  scutum  of  the  same 
colour  with  dark  red-black  or  pitchy  markings,  especially  towards  the 
marguns.  Length  4  to  5  mm. 

Engorged  or  reflete  female.  Resembling  very  closely  small 
specimens  of  the  Texas-fever  tick  ifB.  annulatus  australis).  Length 
5' 50  to  6  mm. 

Male.  Dark  red-brown  ;  scutum  of  the  same  colour,  with  intense 
black  or  pitchy  markings  visible  under  a  pocket  lens.  Length  2  to 
3  mm. 

Habits.  The  life-cycle  of  this  species  has  not  apparently  been 
studied,  but  the  probabilities  are  that  both  moults  are  passed  off  the 
host,  so  that  in  this  respect  it  would  resemble  the  silver  tick 
(A.  cajanense)  in  its  habits.  Structurally  the  members  of  this  genus 
closely  resemble  the  Texas  fever  tick  (jVIar garofus  annulatus),  and 
it  IS  comparatively  recently  that  they  have  been  separated  from 
Margarofus.  Miss  C.  Nuttall,  Stony  Hill,  St.  Andrew,  who  kindly- 
forwarded  a  number  of  specimens  which  were  taken  from  her  mastiffs, 
says  that  ‘  these  ticks  are  a  source  of  serious  annoyance,  as  they 
necessitate  the  grooming  of  the  dogs  twice  daily.  The  small  flat 
brown  ones  attach  themselves  between  the  toes,  and  are  generally 
found  in  clusters  of  three  or  four.  Their  bite  does  not  seem  to  cause 
the  dogs  much  pain,  nor  do  they  trouble  us  and  I  have  never  been 
bitten  by  them.  The  grey  specimens  (nymphs)  get  into  the  hair  of 
the  dogs  and  bite  chiefly  about  the  neck.  They  fall  off  when  fed  to 
repletion,  but  the  result  to  the  dog  is  a  lump  about  the  size  of  a  grain 
of  barley  with  a  blood  scab  at  the  top,  and  quite  denuded  of  hair. 
You  may  imagine  the  misery  to  the  dog  when  it  has  chanced  into  a 
nest  of  twenty  or  thirty  of  this  variety;  and  the  appearance  of  the 
animal  is  that  of  a  badly  “  surfeited  ”  horse.  It  is  some  weeks  before 
the  hair  grows  again.  The  dogs  do  not  appear  to  have  fever,  but  are 

Determined  by  Professor  G.  Neumann,  to  whom  the  Author  extends  sincere 
thanks. 
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off  condition  for  some  days  after  being  bitten.  These  ticks  crawl 
about  and  lay  their  eggs  anywhere,  if  the  dogs  are  not  kept  well 
groomed.  We  have  no  cattle,  and  our  pigs  and  fowls  and  mules  and 
horses  do  not  seem  to  get  bitten. 

‘  I  have  tried  every  kind  of  wash  for  the  mastiffs  that  could  be 
used  on  house  dogs,  and  the  water  for  their  rubbing  down  every 
morning  has  a  small  quantity  of  kerosene  oil  in  it,  but  this  does  not 
seem  deterrent. 

‘  A  run  of  land  adjoining  ours  is  simply  infested  with  ticks,  grass 
lice  chiefly,  and  to  my  almost  certain  knowledge  the  cattle  belonging 
to  the  property  have  not  been  allowed  into  that  particular  place  for 
over  eighteen  months — the  spot  being  now  a  complete  ruinate  :  not 
even  goats  wander  there.  .  .  .  Between  us  and  the  aforesaid  land 

IS  a  stone  wall,  but  the  ticks  are  in  our  pasture,  which  for  years  has 
not  carried  stock  of  any  kind.’ 

Hosts.  This  tick  does  not  seem  at  all  particular  in  its  choice  of 
hosts ;  many  and  widely  separated  groups  of  the  V ertebrata  being 
attacked.  It  is  common  on  the  ox  and  dog,  and  was  found  also  on 
the  horse  (at  Vale  Royal) ;  but  outside  Jamaica  other  animals  seem 
equally  suitable,  as  the  appended  list  will  show ;  -  Cat,  fox  and 
other  canines,  hare,  dromedary,  camel,  sheep,  goat,  birds,  and  also 
one  or  two  species  of  the  Reptilia. 

Distribution.  In  addition  to  the  records  from  Stony  Hill,  this 
species  was  also  found  at  Albany,  from  whence  twenty-seven  adults 
(mostly  males)  and  eight  nymphs  were  collected  from  cattle,  and  one 
from  the  horse ;  both  kinds  of  animals  were  also  infested  with  silver 
ticks  (A.  cajanense).  It  will  in  all  probability  be  found  in  other  parts 
of  the  Island;  but  as  it  bears  a  striking  resemblance  to  the  Texas- 
fever  tick  it  may  be  easily  overlooked.  Neumann  has  previously 
recorded  it  (1897)  as  occurring  on  the  horse  and  on  cattle  at 
Hopewell,  Highgate,  S.  Mary. 

Distribution  outside  the  Island  of  Jamaica.  In  Europe  it  has 
been  recorded  from  France,  Austria  and  Italy.  It  is  widely  distributed 
over  the  whole  of  the  African  continent — Algeria,  Tunis,  Egypt, 
Abyssinia,  Zanzibar,  Cape  Colony,  Congo  Free  State,  Cameroons, 
Togoland,  &c.  It  has  been  found  also  in  Madagascar;  Persia,  India 
and  China  in  Asia  ;  Antigua  and  Colombia  in  America  ;  and  also  from 
Queensland  in  Australia  ;  so  that  it  occurs  in  all  the  four  continents. 


TROPICAL  HORSE  TICK 

Dennacentor  nitens,  Neum. 

hnengorged  female.  Slightly  larger  than  the  male.  Dark  red- 
brown  or  orange  brown.  Scutum  or  shield,  reddish  yellow  with 
irregular  blackish  markings.  Length  3  mm. 

Engorged  or  replete  female.  Uniformly  dull  yellow  or  yellowish 
diab.  The  integument  as  seen  under  a  lens  uniformly  covered  with 
minute  black  specks,  rather  widely  separated.  Ventral  surface 
bluish,  paler  anterioily.  Scutum  or  shield,  mouth  parts  and  legs  dark 
red-brown.  Dorsal  half  of  body,  with  three  more  or  less  well  defined 
and  epuidistant  grooves,  two  of  which  have  origin  at  the  lateral 
margins  of  the  scutum ;  besides  these  there  are  sometimes  present 
other  short  and  well-defined  grooves,  but  these  are  more  or  less 
irregular.  Length  lo  to  12  mm. 

Male.  To  the  unaided  eye  appears  of  a  uniform  dark  red-brown 
(piceous).  Scutum,  shining  dark  red-brown  to  red-brown,  with 
irregular,  and  somewhat  inconstant,  intense,  broad,  black  markings 
forming  a  coarse  reticulation  which  almost  obscures  the  paler  ground 
colour.  Legs  red-brown.  Length  2-50  to  3  mm. 

Eymph.  Uniformly  pale  ochreous  with  dusky  suffused  markings. 
Length  i  mm. 

Distribution.  Found  somewhat  sparingly  at  Kew  Park,  West¬ 
moreland;  Friendship  and  Pepper,  St.  Elizabeth;  Kendal  and 
Quebec  Park,  St.  Mary ;  Stony  Hill  and  Constant  Spring,  St. 
Andrew;  Great  Valley,  Manchester;  and  Halberstadt,  St.  Andrew. 
It  has  been  previously  recorded  also  from  several  other  localities,  so 
that  It  IS  fairly  widely  distributed  over  the  Island,  though  not  an 
abundant  species  anywhere. 

Distribution  outside  the  Island  of  Jamaica.  It  is  rare  apparently 
in  the  United  States ;  but  is  common  on  horses  at  San  Domingo  ; 

and  Neumann  records  it  from  Guatemala,  Venezuela,  and  Porto  Rico 
and  Hayti. 

Habits.  Little  or  nothing  apparently  is  known  of  the  bionomics 
of  this  common  and  widely  distributed  species. 

Hosts.  Almost  exclusively  confined  to  horses  and  mules,  chiefly 
the  former.  It  usually  occurs  in  little  colonies  inside  the  ears,  though 
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it  is  found  also  in  other  natural  cavities  of  these  animals.  Colonies 
of  this  tick  were  found  altogether  on  eighteen  horses  ;  and  two  or 
three  isolated  examples  occurred  also  on  the  ox  and  dog. 

SILVER  TICK 

Amblyomma  cajanense  (Fab.). 

Engorged  or  replete  female.  Surface  of  skin  not  highly  polished. 
Dull  bluish  grey,  with  dark  purplish  brown  reticulations.  The  ground 
colour  appearing  as  pale  round  spots  on  the  lower  half  of  the  body 
where  the  brown  colour  predominates ;  excretory  system  showing 
through  the  cuticle  as  pale  dull  yellow  markings ;  but  there  is  usually 
a  more  or  less  well-defined  patch  of  yellow,  often  somewhat 
rectangular  in  form  just  behind  the  scutum  from  which  the  branched 
markings  diverge.  Ventral  surface  pale  bluish  grey  with  irregular 
whitish  markings.  Mouth  parts  {capituhui'i)  pale  brown,  usually  with 
two  minute  dark  spots  at  the  posterior  lateral  angles.  Scutum, 
faintly  metallic,  with  two  dark  brown  submedian  curved  lines ;  lateral 
margin,  dark  brown  behind  the  eyes,  terminating  before  the  apex, 
the  latter  pale  golden-yellow.  Eyes  pale,  almost  colourless.  Legs 
pale  brown ;  segmentation  paler,  appearing  as  very  faint  rings. 
Length  lo  to  I2'2  5  mm. 

U nengor ged  female.  Similar  in  size  to  the  male  but  is  easily 
recognised  by  the  small  shield  (scutum)  on  the  back.  It  is  also  less 
brilliantly  coloured  than  the  male ;  and  the  marginal  festoons  are 
either  entirely  absent  or  scarcely  visible  to  the  unaided  eye.  Length 
5  to  6  mm. 

Male.  Pale  dull  yellow  or  brownish  yellow,  with  irregular  silvery 
white  markings  or  streaks  and  brown  or  red-brown  spots,  forming  a 
definite  but  complex  pattern  which  gives  the  dorsal  surface  (scutum) 
a  somewhat  reticulated  appearance,  though  when  seen  under  a  lens  the 
spots  and  streaks  do  not  coalesce.  Length  4  mm. 

Habits.  As  already  stated  this  tick  requires  three  hosts  during 
its  developmental  cycle.  The  first  host  in  its  larval  or  ‘  grass  louse  ’ 
stage,  the  second  in  its  nymphal  or  second  stage,  and  the  third  and  last 
host  in  its  adult  stages.  The  replete  or  fully  engorged  female  (PI.  XIII, 
fig.  i)  lays  her  eggs  on  the  ground  ;  these  produce  larvae  or  ‘grass 
lice,’  which  congregate  together  at  the  tips  of  grass  and  leaves,  or 
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the  flowering  stems  or  leaves  of  any  other  kind  of  plant  or  other 
suitable  object,  usually  something  which  stands  out  prominently 
above  the  denser  vegetation.  One  enormous  colony  of  ‘  grass  lice  ’ 
was  found  clustered  together  on  the  flowering  stem  of  a  plant  locally 
known  as  the  ‘  devil’s  riding  whip.’  In  cattle  pens  where  there  is 
little  vegetation  they  congregate  on  the  exposed  roots  of  trees  or 
swarm  up  the  tree  trunks  and  fix  themselves  upon  any  little 
prominence  they  may  find.  Sometimes,  also,  they  occur  on  stone  walls 
or  on  angular  fragments  of  rock,  or  even  dead  leaves  and  bits  of 
sticks  lying  upon  the  ground.  In  such  situations  they  await  a  passing 
host.  When  once  the  young  tick  has  secured  a  host,  it  fills  itself  to 
repletion,  afterwards  leaving  the  host  and  undergoing  the  first  moult 
on  the  ground,  becoming  a  nymph  or  '  Redback.’  In  this  stage  it 
seeks  a  second  host,  usually  from  the  top  of  some  prominent  grass 
stem  or  other  plant,  and  after  taking  a  meal  of  blood  falls  to  the 
ground,  moults,  and  becomes  sexually  mature.  The  males  and  females 
ascend  the  taller  plants  and  for  the  third  time  seek  a  host.  Both 
sexes  take  a  meal  of  blood,  and  the  female  after  repletion  falls  from 
the  host,  lays  her  eggs  and  dies.  What  eventually  becomes  of  the 
male  is  not  known.  Neither  was  it  ascertained  if  coition  takes  place 
on  the  host  as  in  other  allied  species  of  Amhlyomma.  The  females 
invariably  preponderated,  and,  although  enormous  numbers  of  males 
were  seen,  in  no  instances  were  they  found  in  coitu.  The  male  is 
extremely  active  throughout  life — mealtime  excepted — and  so  also 
is  the  female  while  seeking  a  host,  but  after  feeding  to  repletion,  like 
all  her  congeners,  becomes  an  almost  helpless  creature  and  is  capable 
only  of  moving  her  body  very  slowly. 

Little  can  be  said  with  regard  to  the  period  occupied  by  this  tick 
m  the  duration  of  its  life  cycle.  The  females  are  most  prolific ;  the 
number  of  eggs  laid  by  the  female,  according  to  Williams  {loc.  cil^,  is 
2,000,  but  Mr.  Wortley  makes  the  figures  7,240,  and  these  may 
be  taken  as  nearer  the  average  than  those  of  Professor  Williams. 
Egg  laying  occupies  from  seven  to  ten  days  ;  and  the  period  of 
incubation,  in  an  average  temperature  of  75°  F.,  varied  from  forty- 
three  to  fifty  days.  The  eggs  were  kept  in  the  shade,  and  whether 
the  more  or  less  direct  rays  of  the  sun  would  hasten  the  hatching  of 
the  larvae  was  not  ascertained.  Beyond  this  stage  nothing  can  be 
said  at  present ;  neither  is  it  known  for  how  long  this  tick  can  survive 
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in  each  of  the  three  stages  without  access  to  a  host.  On  man  the 
larva  fills  its  body  to  repletion  in  from  two  to  four  days.  At  this  stage 
it  looks  very  like  a  No.  lo  gunshot,  and  is  then  easily  removed.  In 
several  instances  one  or  two  nymphs  were  found  associated  with  the 
colonies  of  larvae  on  plant  stems ;  but  both  nymphs  and  adults  are, 
relatively  speaking,  much  scarcer  than  the  ‘  grass  lice  ’  or  larvae. 

Hosts.  This  species  is  a  very  general  feeder  and  is  not  at  all 
particular  in  its  selection  of  hosts.  It  occurs  most  freely  on  ‘  horse- 
kind  ’  and  cattle ;  but  is,  generally  speaking,  most  abundant  on  the 
former.  With  the  horse  or  mule  it  confines  its  attacks  chiefly  to  the 
head,  though  it  is  often  found  inside  the  ears,  and  sometimes  also 
in  other  natural  cavities,  as  well  as  on  the  flanks,  withers,  mane  and 
tail ;  while  with  the  ox  (cattle)  it  may  be  found  attached  to  any  part 
of  the  body,  generally  in  company  with  its  more  abundant  relative, 
the  Texas  Fever  Tick  (M.  dnniilatiis  australis').  It  may  be 
interesting  to  add,  also,  that  there  are  several  authentic  records  of  its 
occurrence  on  the  tongues  of  young  calves,  though  no  specimens  were 
secured  from  such  situations.  It  is  common  on  the  pig  especially 
in  the  larval  or  ‘  grass  lice  ’  stage,  sometimes  completely  covering 
the  ears  of  the  animal ;  but  it  occurs  also  on  this  animal  in  both 
tfie  nymphal  and  adult  stages.  It  is  apparently  not  so  common 
on  the  dog,  though  specimens  in  all  stages  were  taken  from  this 
animal.  To  man  it  is  the  greatest  pest  of  the  Island,  attacking  him 
in  all  its  stages  from  the  larval  to  the  sexually  mature  males  and 
females.  It  is  a  most  vicious  biter,  and  when  it  has  gained  access 
to  the  skin  inserts  its  mouth  parts  (capitulum),  the  adults  producing 
an  irritating  wound  followed  often  by  intense  itching.  As  showing  the 
extent  to  which  this  tick  infests  man  in  Jamaica,  no  less  than  twenty- 
seven  adults  of  both  sexes,  and  swarms  of  larvae,  were  taken  from 
the  writer  after  walking  through  a  small  native  settlement  which  was 
surrounded  by  trees  and  an  undergrowth  of  scrub  and  long  grass. 
No  stock  had  been  turned  into  this  enclosure,  neither  was  it  accessible 
to  them  ;  but  numbers  of  pigs  were  running  about  the  place  in  a 
semi-wild  condition,  and  it  was  evident,  therefore,  that  these  animals 
were  acting  as  the  hosts  for  this  tick.  On  reaching  the  unclothed 
portions  of  the  body  they  bit  freely,  and  so  firmly  did  they  attach 
themselves  that  several  had  to  be  removed  with  forceps. 

From  the  Portland  district  comes  the  note  that  '  these  insects  (sic) 
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are  a  great  pest  to  horses  and  mules  .  .  .  m  fact,  they  attach  them 
selves  to  eveiy  animal  that  walks  in  the  pasture — birds,  fowls  and  man. 
To  the  latter  they  cause  great  irritation  to  the  skin,  and  if  the 
wounds  are  scratched  they  are  followed  by  painful  sores.’  In  this 
instance  the  writer  refers  chiefly  to  the  ‘  red  grass  lice,’  which,  so  far 
as  one  could  gather,  consisted  almost  entirely  of  larvae  and  nymphs. 
The  same  authority  says  that  the  young  stages  of  the  tick  ‘  are  found 
mostly  on  ttie  foreheads  of  horses  and  mules  ;  also  on  fowls  and  pigs.’ 

As  far  as  could  be  ascertained,  the  goat  is  almost  free  from 
this  species ,  and  the  Batrachians  and  lizards  were  not  found  acting 
as  hosts. 

Distribution.  Generally  distributed  throughout  the  Island  in  all 
localities  where  any  of  the  domesticated  animals  are  kept.  It  occurs 
in  great  numbers  up  to  an  altitude  of  1,500  feet ;  but  no  examples 
were  collected  from  a  greater  elevation  than  3,000  feet. 

Distribution  outside  the  Island  of  J antaica.  Mexico,  Central 
and  South  America  are  given  as  the  range  for  this  pest. 

PIMENTO  OR  NETTED  TICK 

A^nblyomma  maculaUim,  Koch. 

Unengorged  female.  Uniformly  dark  brown;  legs  slightly 
paler;  scutum  whitish  with  one  median  and  two  lateral  slightly 
divergent  interrupted  stripes.  In  the  middle  of  the  space  between 
these  and  the  angles,  are  two  distinct  elongated  spots,  the  markings 
collectively  forming  a  mask-like  pattern.  Capitulum,  dull  red-brown  ; 
legs  of  the  same  colour,  with  pale  articulations.  Scutum,  pale  bronzy 
pink  ;  anterior  portion,  pale  red-brown  merging  into  a  bread  median 
stripe  of  darker  brown  terminating  considerably  within  the  apex.  On 
either  side  of  this  are  two  divergent  and  curved  lines  of  the  same 
colour ;  these  extend  to  the  margin,  but  the  apices  are  considerably 
interrupted,  forming  small  confluent  spots,  especially  at  the  extreme 
margin ;  the  large  angular  areas  enclosed  by  these  lines  have  each  a 
large  sub-central  elongated  and  clearly  defined  spot ;  anterior  to  these 
spots  are  several  smaller  spots ;  all  the  dark  spots  and  lines  have  their 
margins  suffused  with  pale  bronze-green.  Abdomen,  above,  dark 
brown  with  obscure  blackish  markings  ;  margin  distinctly  festooned  ; 
the  festoons  and  the  median  dorsal  arear  are  deeply  and  coarsely 
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punctated.  V entral  surface  ochreous  to  pale  brown ;  dark  brown 
posteriorly ;  area  of  crescentic  groove  below  anus,  paler.  Stigmata, 
pale  with  a  broad  median  dark  brown  band. 

Engorged  female.  Leaden  grey  with  paler  irregular  markings ; 
integument  without  spots. 

Male.  Rich  dark  brown,  shining  with  a  very  clearly  defined 
reticulated  or  net-like  pattern  produced  by  the  paler  ground  colour. 
To  the  unaided  eye  the  animals  appear  both  striped  and  spotted. 

Mouth  parts  and  legs,  dark  red-brown ;  articulations  of  legs  not 
quite  so  clearly  defined  as  in  the  female.  Scutum,  rich  dark 
castaneous,  paler  towards  the  margins,  especially  posteriorly.  The 
bronzy  silvery  reticulations  being  clearly  defined,  but  rather  thickly 
studded  with  black  spots  and  suffused  with  coppery  green  reflections  ; 
the  reticulations  of  the  remaining  portions  of  the  dorsum  enclosing 
well-defined  areas ;  each  of  the  festoons  with  a  pale  bronzy  silvery 
spot,  some  of  which  are  nearly  equal  to  the  length  of  the  festoon, 
others  small  and  scarcely  visible ;  these  merge  into  large  dark 
castaneous  areas,  giving  each  festoon  an  ocellated  appearance. 
Ventral  surface  pale  leaden  grey ;  margins,  pale  red-brown ;  the 
intestinal  tract  showing  through  the  cuticle  as  pale  greyish  and 
blackish  blotches. 

Habits.  Little  is  apparently  known  of  the  life-cycle  ;  but  Hunter 
and  Hooker,*  who  attempted  to  rear  this  species  on  dogs,  say  that 
the  larvae  matured  in  six  to  seven  days,  and  then  left  the  host ;  that 
the  incubation  period  of  the  eggs  varied  from  twenty-six  to  thirty-one 
days ;  and  that  the  larvae  which  hatched  from  these  eggs  in  ihe 
beginning  of  September  were  still  living'  on  ist  of  March  following. 

Hosts.  Found  upon  ‘  horsekind  ’  and  cattle,  and,  according  to 
Mr.  Harry  Jackson,  is  most  plentiful  ‘  between  the  months  of  June 
and  October.  They  attack  the  ears,  tails  and  manes  of  the  animals ; 
and  are  worse  than  the  ordinary  silver  tick,  as  very  often  they  cause 
sores  in  the  ears  and  tail.’  In  addition  to  the  inside  of  the  ear,  other 
natural  cavities  are  also  selected  ;  and  it  bites  man  almost  immediately 
after  gaining  access  to  the  skin,  inflicting  a  painful  wound,  resembling 
the  pain  produced  by  salt  when  rubbed  into  a  freshly-cut  wound,  as 
the  writer  can  testify  from  experience. 


*U.S.  Dept.  Agriculture,  .Bureau  of  Entomology,  Bull.  No.  72,  p.  64 
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Distribution.  The  only  examples  of  this  rather  handsome  species 
were  captured  by  Mr.  H.  Jackson  at  Waltham,  m  the  Mandeville 
district  of  Manchester,  on  the  i8th  January,  1909.  Several  examples 
of  both  sexes  were  forwarded  under  the  name  ‘  Pimento  Tick.’  No 
other  examples  were  seen,  though  carefully  searched  for  in  other 
districts.  This  is  the  first  recorded  occurrence  of  this  species  in 
Jamaica. 

Distribution  outside  the  Island  of  J amaica.  North  America, 
especially  near  the  Gulf  Coast ;  Neumann  also  gives  Mexico,  Peru, 
Brazil,  Paraguay,  Uruguay,  Chili  and  the  Argentine  Republic. 

BULL  FROG  TICK 

Amblyoinnia.  dissimile*  Koch. 

Engorged  or  replete  female.  Dull  ochreous  to  yellowish  grey; 
excretory  system  scarcely  showing  through  the  integument  in  pale 
yellow  but  irregular  lines.  Scutum,  chocolate-brown  with  dull  coppery 
markings,  forming  a  distinct  spot  at  the  apex.  Integument,  with 
numerous  well-defined  black  spots,  which  in  some  individuals  are 
surrounded  with  pale  brownish  yellow.  Length,  17  to  I7'50  mm. 
Greatest  width,  11-50  to  12  mm.  Height,  6-50  to  17-50  mm. 

Nymphs.  Scutum,  deeply  but  widely  punctate  with  two  sub¬ 
median  grooves  ;  dull  ochreous  yellow  ;  posterior  margin,  as  far  as  the 
eyes,  dark  brown ;  eyes,  red-brown.  Capitulum  and  legs  red-brown. 
Body,  leaden-grey  dorsally,  with  the  diverticula  showing  through  the 
cuticle  as  two  irregular  branching  lines,  slightly  diverging  from  the 
median  line  a  little  above  the  centre  ;  venter,  paler  at  the  margins 
(almost  white),  especially  in  front,  and  there  is  a  large  irregular  patch 
of  the  same  colour  surrounding  the  anal  orifice.  Ventrally  a  deep, 
narrow,  and  well-defined  groove  extends  from  the  anal  orifice  to  the 
margin,  and  there  are  also  two  broad  deep  divergent  grooves  on 
either  side  ;  dorsum,  with  a  broad  median  groove  terminating  near  the 
middle  of  the  back,;  and  there  are  two  irregular  depressions  on  both 
sides  of  this. 

Habits.  The  replete  or  fully  engorged  female  is  slightly  larger 
than  any  other  species  of  tick  found  in  the  Island,  the  length  of  this 
tick  being  equal  to  one-seventh  or  one-eighth  of  the  total  length  of 
its  host  (see  PI.  XIII,  fig.  3).  No  males  were  found,  though  very  careful 
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search  was  made  for  them.  Both  the  nymphs  and  the  females  mature 
very  slowly ;  and  it  is  evident  that  all  three  stages  (larva,  nymph  and 
adult)  are  passed  upon  one  host;  so  that  in  this  respect  it  differs 
markedly  from  its  congeneric  representative,  Ambly omnia  cajanense, 
which  requires  three  hosts  and  effects  its  two  moults  upon  the  ground. 
The  life-cycle  of  A.  dissimile,  therefore,  resembles  that  of  the 
common  cattle  tick  {Mar  gar  opus  annul  atus  australis).  Two 
apparently  freshly  attached  larvae  filled  themselves  to  repletion  in 
about  one  week ;  but  the  nymphal  stage  occupied  from  four  to  seven 
weeks ;  and  three  females  were  fourteen,  seventeen  and  twenty-three 
days  respectively  in  maturing.  When  fully  engorged  they  left  the 
host  and  in  all  cases  buried  themselves  among  the  loose  damp  grass 
forming  the  bed  at  the  bottom  of  the  cage  in  which  the  toads 
were  kept.  Egg  laying,  commencing  on  the  seventh  day,  and  was 
continued  for  seventeen  days.  The  number  of  eggs  laid  by  one 
female  was  1,784.  These  unfortunately  did  not  hatch  before  the 
members  of  the  expedition  left  the  Island ;  but  they  survived  the 
low  temperature  of  the  voyage  to  England,  and,  although  they  were 
not  placed  in  the  incubator  until  some  time  after  arrival,  several 
larvae  hatched  out  in  a  temperature  of  23°  C.  during  the  second  week 
in  May;  so  that  it  is  evident  that  the  eggs  of  this  species  are 
exceedingly  resistent  to  cold.  The  replete  female  feigns  death  when 
disturbed,  but  crawls  about,  when  left  undisturbed,  in  a  fairly  active 
manner. 

Host.  Apparently  confined  to  the  common  toad  or  so-called  ‘  Bull¬ 
frog’  of  the  Island  {Bufo  marinus,  Gravenh.).  This  tick  often 
occurred  singly ;  but  occasionally  four  or  five  examples,  in  various 
stages  of  development,  were  found  upon  a  single  host.  It  has  not 
hitherto  been  recorded  from  Jamaica. 

Distribution.  Sparingly  in  the  Montpellier  district  in  the  parishes 
of  St.  James  and  Hanover;  Vere  District,  Clarendon;  and  at  Mona, 
Bertaville,  and  Constant  Spring  in  the  parish  of  St.  Andrew.  It  may 
also  occur  in  all  districts  where  the  host  is  found. 

D istribution  outside  the  Island  of  J amaica.  Neumann  gives 
Mexico,  Guatemala,  Nicaragua,  Barbados,  Columbia,  Venezuela, 
Brazil,  Paraguay  and  the  Philippines ;  and  Bufo  marinus  as  the  only 
host. 


LIZARD  TICK 


Afono7nma  sp. 

Nymph.  Bluish  grey  with  the  anterior  fourth,  both  dorsally  and 
ventrally,  and  also  a  large  jDatch  immediately  behind  the  anus, 
pale  yellowish  white ;  the  pale  colour  also  extends  along  the  lateral 
margins  on  both  sides.  Legs,  pale  brown  ;  capitulum,  slightly  paler. 
Scutum,  slightly  darker  than  the  surrounding  integument.  Length, 
5  mm. 

The  only  tick  found  upon  lizards  was  discovered  by  Mr.  E.  Stewart 
Panton,  who,  in  submitting  the  specimen  for  examination,  supplied 
the  following  information :  — '  I  was  sitting  under  a  mango  tree 
yesterday,  when  suddenly  a  lizard — of  the  purple-tailed  Anolis 
species — a  mature  male,  dropped  to  the  ground  from  the  tree,  when 
I  noticed  a  tick  adhering  to  the  throat.  On  picking  up  the  lizard 
I  found  that  it  was  somewhat  emaciated  and  quite  weak.  I  may 
mention  that  it  is  the  first  time  that  I  have  ever  seen  a  tick  on  a 
lizard.  And  situated  as  it  was  the  lizard  could  not  get  at  it ;  other¬ 
wise  it  would  no  doubt  have  been  eaten  by  its  host  before  it  had 
even  reached  its  present  dimensions.’  [Thornbury,  Highgate,  S.  Mary, 
14th  December,  1908.] 

Quite  a  large  number  of  lizards  were  examined  during  the  course 
of  the  expedition,  but  none  of  them  were  found  to  harbour  ticks  in 
any  stage.  The  species  captured  were  Anolis  maculaia  (many); 
Meiva  dorsalis  (48)  ;  Gecko  sp.  (5). 

ENEMIES  OF  TICKS 

Gosse,  in  his  delightful  work  on  the  Birds  of  Jamaica,  was 
apparently  the  first  authority  to  call  attention  to  the  fact  that  the  two 
native  ‘  Blackbirds  ’  {Crotophaga  ani  and  Quiscalus  eras  sir  Osiris') 
feed  extensively  upon  cattle  ticks ;  and  although  he  did  not  find  the 
remains  of  ticks  in  the  post-mortem  examinations  which  he  evidently 
made,  yet  his  evidence  is  amply  conclusive. 

Williams*  considers  these  birds  as  the  greatest  friends  to  the 
cattle  owners,  and  that  they  afforded  him  much  amusement,  as  there 


seemed  to  be  ‘  an  understanding  between  them  and  the  cattle  whereby 
they  are  assisted  and  encouraged  to  destroy  the  ticks.’  He  appeals 
also  for  their  preservation.  There  is  no  need,  however  to  appeal  to 
the  pen  keepers  or  the  planters  for  the  protection  of  these  birds,  as 
everywhere  the  people  are  unanimously  of  the  opinion  that  the 
services  which  these  birds  render  in  destroying  ticks  are  incalculable. 
The  observations  which  were  made  in  regard  to  the  tick-eating 
propensities  of  these  two  species  of  birds  fully  confirm  the  statements 
given  by  former  writers  and  the  pen  keepers,  though  it  would  seem 
that  the  'Tinkling  Crackle’  (Q.  crassirostris)  feeds  much  more 
extensively  upon  them  than  the  ‘  Parrot-billed  Blackbird  ’  {C.  ani) ; 
this  assumption  is  based  both  upon  observations  in  the  field  and  upon 
post-mortem  examinations,  the  results  of  which  are  given  below. 

Savanah  Blackbird  or  ‘Tinkling  Crackle’ 
Quiscalus  crassirostris 

(Plate  XIV,  fig.  2.) 

This  common  species  was  observed  usually  in  small  companies,  and 
seems  to  be  generally  gregarious,  though  odd  specimens  were  noticed 
in  many  places.  It  was  seen  in  considerable  numbers  in  the  parishes 
of  Manchester,  St.  Elizabeth,  Hanover,  Westmoreland  and  St.  James. 
In  all  of  these  places  its  tick-feeding  habits  were  observed  ;  and  in 
one  instance  nearly  every  individual  member  of  a  flock  was  seen 
picking  off  the  ticks  from  cattle  which  were  browsing  together  under 
the  shade-trees  in  the  pastures.  These  birds  will  also  follow  cattle 
when  driven  into  the  pens,  and,  if  undisturbed,  will  remove  the  ticks 
and  eat  them  with  apparent  avidity,  this  habit  being  particularly 
noticeable  in  the  mornings  and  evenings.  They  are  remarkably 
fearless  of  man,  and  if  alarmed  generally  fly  into  the  adjacent  trees 
to  return  again  when  unmolested  or  when  hunger  presses  them  to 
do  so. 

Judging  by  the  few  post-mortem  examinations  which  were  made, 
their  food  consists  chiefly  of  insects  and  ticks ;  though  they  feed  to 
a  certain  extent  upon  seeds,  and  are  said  also  to  feed  freely  upon 
tangerine  and  sweet  oranges  (Montpellier  and  St.  Thomas).  The 
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crop  of  one  example  was  found  to  contain  the  remains  of  such  fruit. 
The  details  of  the  food  found  in  seven  examples  are  given  below :  — 

Locality. — Knockalva,  Hanover,  December  12,  1908.  Birds 

procured  immediately  after  leaving  cattle  in  pen,  early  in  the  morning. 


No.  I.  Contents  :  25  Texas-fever  ticks  (JVIar  gar  opus  annulatus 

australis')  ;  5  fully,  the  rest  partly  engorged 
females. 


3  Silver  ticks  {Atnblyomina  cajanense) ;  all 
fully  engorged  females. 

13  Geometrid  moth  caterpillars. 

I  Beetle  larva  (Geodephaga). 

Remains  of  a  large  centipede. 

Hairs  from  ox. 


No.  2.  Contents  :  74  Texas-fever  ticks  {M.  annulatus  australis), 

3  of  which  were  fully  engorged  females  ;  the 
rest,  all  adult  females,  slightly  engorged. 

12  skins  of  small  geometrid  moth  caterpillars, 
all  apparently  of  one  species. 

Posterior  third  of  a  centipede. 

No.  3.  Contents  :  13  Texas-fever  ticks  {M.  annulatus  australis), 

all  partly  engorged. 

10  skins  of  a  small  geometrid  moth  caterpillar. 
A  mass  of  the  fibrous  portion  of  the  fruit 
of  the  orange. 


Locality. — -Great  Valley,  Manchester,  December  23rd,  1908.  Birds 
procured  under  similar  conditions  to  the  former,  but  in  the  late 
afternoon. 


No.  4.  Contents  :  32  Texas-fever  ticks  (M.  annulatus  australis), 

all  partly  engorged  females. 

3  noctuid  moth  caterpillars  (‘  cut  worms  ’),  all 
of  the  same  species. 

5  geometrid  moth  caterpillars,  all  of  the  same 
species. 

No.  5.  Contents  :  3  Silver  ticks  {A.  cajanense)  ;  2  fully  engorged 

females,  i  partly  so. 
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2  Texas-fever  ticks  {M.  anmiLatus  australis) ; 
one  fully  engorged  female,  the  other  partly 
so. 

13  small  geometrid  moth  caterpillars. 

I  spider,  in  fragments. 

I  chrysalis  (pupa)  of  a  noctuid  moth. 

34  seeds  of  Poriulaca  halimoides,  L.,  and 
minute  fragments  of  small  unrecognisable 
insects. 

No.  6.  Contents  :  7  Texas-fever  ticks  {M.  annulatus  australis), 

all  partly  engorged  females. 

64  large  dipterous  larvae  resembling  those  of 
the  genus  T ifula. 

3  geometrid  moth  caterpillars  and  remains  of 
numerous  others. 

I  pupa  of  a  large  Hymenopterous  insect,  half 
an  inch  in  length. 

No.  7.  Contents  :  Chiefly  fragments  of  moth  larvae  and  other 

insects,  with  one  small  pebble. 

The  total  number  of  ticks  found  in  the  six  birds  was  159.  As 
these  were  all  females,  it  will  be  seen,  had  they  been  left  to  mature, 
that  they  would  have  produced  between  them  over  1,000,000  eggs  or 
a  corresponding  number  of  young  grass  lice ;  so  that  the  value  of  the 
Tinkling  as  a  tick  destroyer  cannot  be  over  estimated.  We  gather 
from  these  records  also  that  it  feeds  very  largely  upon  the  caterpillars 
or  larvae  of  moths.  This  being  so,  it  is  only  fair  to  assume  that  it 
may  feed  upon  some  of  the  various  species  which  are  known  to  be 
destructive  to  various  cultivated  plants.  Whether  seeds  form  a  part 
of  its  regular  diet  the  writer  is  at  present  unable  to  say;  in  all 
probability  this  may  be  so  ;  but  the  seeds  may  have  been  taken  in 
lieu  of  pebbles  or  sand,  as  was  apparently  the  case  with  certain  other 
insectivorous  birds*  of  the  Island. 

*A  female  Radiolated  Woodpecker  {Centurus  radiolatus,  Wagl.)  which  had 
regaled  itself  with  cockroaches,  contained  also  five  of  the  large  black  spherical 
seeds  of  the  Bitterwood  {Ficraena  excelsa,  Lindl.),  about  the  size  of  a  buck-shot, 
which  were  so  hard  as  to  almost  resist  the  blade  of  a  knife.  Platypsnris  niger 
contained  seeds  of^  the  West  Indian  Birch  (Btirsera  gummifera,  L.),  the  Green 
Tody  [Todus  ytridis),  seeds  of  Pamcum  glutinosum,  S.,  and  other  seeds  which 
weie  not  identified.  A  rather  large  seed  was  also  taken  from  the  stomach  of  the  common 
Petchary  (Tyr annus  caudifasciatus,  D’Orby). 


The  Savanah  or  Parrot-billed  Blackbird 

Crotophaga  ani,  Linn. 

Plate  XIV,  fig.  I 

Like  the  European  Cuckoo  (Cuculus  canorus)  this  bird  appears 
to  exercise  little  or  no  choice  in  the  selection  of  its  food ;  nauseous 
plant-bugs  being  eaten  apparently  just  as  freely  as  those  insects  which 
belong  to  the  edible  group.  Judging  from  observations  in  the  field 
one  gathers  that  this  bird  also  feeds  freely  upon  ticks,  though  not 
to  such  a  marked  extent,  as  has  already  been  pointed  out,  as  the 
Tinkling  {Q.  crassirostris).  The  writer  had  many  opportunities  of 
watching  these  birds  at  close  range,  as  a  brood  of  young  birds  was 
reared  in  close  proximity  to  the  bungalow  in  which  the  laboratory 
work  in  connection  with  the  expedition  was  conducted.  Seven  old 
birds  took  part  in  rearing  the  young,  and  on  several  occasions 
they  were  seen  to  take  ticks  (probably  Amblyo^nma  cajanense)  from 
the  heads  of  the  horses  which  were  grazing  hard  by.  Their  method 
of  procedure  was  to  walk  close  up  to  the  animal  while  grazing,  so  as 
to  be  able  to  reach  the  parasite  without  flying  at  the  animal’s  head. 
On  other  occasions  they  were  seen  inspecting  a  small  herd  of  cattle 
which  were  lying  at  rest  beneath  some  shade-trees.  Three  examples 
only  were  dissected,  and  the  contents  of  the  stomachs  are  here 
appended. 

Locality. — Stony  Hill,  St.  Andrew,  January  4,  1909. 

No.  I.  Contents  :  Almost  filled  with  portions  of  the  nests  (cells, 

larvae  and  pupae)  of  the  common  paper 
building  wasp  (Polistes  crinitd)  ;  there  were 
also  a  few  skins  of  moth  larvae ;  and  one 
spinose  skin  of  the  larva  of  a  Nymphalid 
butterfly. 

.  I  beautifully  coloured  beetle  (Homophoeta 
equinoctial  is,  Linn.)  of  the  Chrysomelid 
group,  having  a  yellow  thorax,  with  deep 
violet  wing-cases  bearing  eight  large  white 
spots. 

I  weevil  (Rhyncophorus  Coleoptera). 

3  specimens  of  the  pupal  stage  of  the  bright 
orange  red  '  Cotton  stainer  ’  (Dysdercus  sp.). 


I  small  mollusc  (non  det.). 

I  purple  berry  of  the  noxious  Lantana. 

3  hard  brown  seeds  (non  det.). 

I  Texas-fever  tick  (M.  annulatus  australis), 
a  partly  eng-orged  female. 

Locality. — Stony  Hill  and  Constant  Spring,  St.  Andrew,  January 
14,  1909. 

No.  2.  Contents  :  Large  fragments  of  the  common  ‘  Green  stink- 

bug’  {Loxa  -flavicollis,  Drury),  m  both 
immature  and  adult  stages,  the  stomach 
being  well  filled  with  the  remains  of  this 
insect. 

No.  3.  Contents  •  2  almost  perfect  examples  of  the  ‘  Green 

stmk-bug  ’  (Z.  flavicollis)  and  many  frag¬ 
ments  of  others,  the  stomach  being  about 
half  filled  with  the  remains  of  this  insect. 

1  beetle  resembling  a  small  Harpalus. 

2  small  grey  weevils  and  a  number  of  frag¬ 
ments  of  another  Rhyncophorous  beetle  of  a 
dark  brown  colour. 

I  spider. 

I  Texas-fever  tick  {M.  annulatus  australis), 
a  partly  engorged  female. 

These  records  give  us  in  a  small  degree  the  nature  of  the  dietary 
of  this  interesting  biid ;  and  it  is  clearly  evident  that  it  is  practically 
an  omnivorous  feeder.  The  finding  of  ticks  is  of  economic  value ; 
while  the  discovery  of  the  green  '  stmk-bug  ’  {Loxa  flavicollis)  is  of 
great  bionomic  interest.  This  bug,  whose  odour  is  horribly  offensive, 
does  not  possess  any  warning  coloration ;  but  being  of  a  uniformly 
green  colour  is  highly  protected  and  difficult  to  discover  when  resting 
among  the  leafy  branches  of  a  tree  or  shrub.  It  is  common,  but  not 
apparently  abundant ;  though  it  is  not  infrequently  attracted  at  night 
by  artificial  light.  The  amount  of  odoriferous  matter  contained  in 
the  stomachs  of  the  birds  found  to  contain  the  remains  of  this  bug 
was  so  offensive  as  to  render  the  operation  of  dissection  positively 
unbearable,  and  the  foetid  odour  was  with  difficulty  removed  from 
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the  hands  of  the  operator.  Another  find  of  economic  as  well  as  of 
bionomic  interest  is  that  of  the  injurious  '  cotton  stainer  ’  {Pysdercus 
sp.)  :  a  pest  which  simply  swarms  in  the  cotton  plantation  in  the 
Parish  of  St.  Andrew,  where,  if  the  birds  were  numerous  enough,  they 
might  do  yeoman  service  in  checking  the  ravages  of  this  insect. 

Another  record  of  interest  in  reference  to  the  food  of  this  bird 
was  made  one  day  in  the  month  of  January,  while  watching  the 
habits  of  a  small  family  party  bringing  food  to  a  fully-fledged  young- 
one,  which  had  perched  itself  in  a  very  convenient  place  for 
observation,  quite  close  to  where  the  writer  was  seated.  At  first  one 
of  the  old  birds  was  seen  to  advance  with  a  huge  mouthful  of  some¬ 
thing,  appearing  most  like  a  bundle  of  dark  coloured  feathers,  which 
it  was  seen  to  procure  from  the  foot  of  a  tree  not  far  away.  This 
object  was  offered  to  the  young  bird  and  accepted  by  it  immediately ; 
and  while  it  was  making  a  strenuous  effort  to  swallow  the  dry-looking 
morsel,  a  couple  of  missiles  thrown  into  the  tree  made  it  relinquish 
its  hold  of  the  object,  which,  when  secured,  proved  to  be  the  somewhat 
mangled  remains  of  one  of  the  huge  black  ‘  Witch  Moths  ’  {Erebus 
argarista),  measuring  originally  nearly  six  inches  in  the  wing  expanse. 


The  Domestic  Fowl 

It  is  common  knowledge  amongst  the  pen  keepers  of  the  Island 
that  the  domestic  fowl  feeds  to  a  marked  extent  upon  cattle  ticks. 
The  writer  had  several  opportunities  of  confirming  this,  and  of  noting 
also  that  where  domestic  fowls  were  not  kept  that  ‘  grass  lice  ’  occurred 
in  countless  numbers  inside  the  cattle  -pens,  collecting  together  in 
enormous  masses  on  any  convenient  platform  that  would  afford  them 
a  means  of  securing  a  host.  The  parents  of  these  had  evidentl)' 
dropped  from  the  cattle  when  the  latter  were  brought  into  the  pen  ; 
and  in  the  absence  of  fowls  had  brought  forth  young,  without 
apparently  any  check.  Mr.  Stafford  Maxwell,  one  of  the  many 
contributors  who  furnished  us  with  observations  on  ticks,  evidently 
attaches  great  importance  to  this  matter,  and  says  that  ‘by  keeping 
the  pens  swept  and  clean  and  allowing  “Indian  Game  Fowls”  to 
run  in  the  pens  they  pick  up  any  ticks  which  fall  from  the  cattle,  and 
the  pens  are  thereby  kept  free  from  these  pests.’ 
vv 
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Lizards 

By  tJie  introduction  of  the  mongoose  some  of  our  contributors 
have  expressed  the  opinion  that  this  animal  has  not  only  exterminated 
the  quail-''  and  reduced  the  numbers  of  insectivorous  birds,  but  that  it 
has  also  diminished  the  number  of  lizards  to  such  a  marked  extent 
that  the  ticks  of  the  Island  have  increased  proportionally  as 
their  enemies  have  been  lessened.  This  is  unfortunately  true, 
so  far  at  least  as  the  birds  are  concerned ;  but  we  have 
no  evidence  to  show  that  the  innumerable  lizards  which  still  exist 
almost  everywhere  in  the  grazing  districts  play  any  part  in  the 
destruction  of  ticks.  That  they  are  of  great  value  in  destroying 
insects  generally  there  can  be  no  doubt,  and  these,  together  with  the 
birds  and  other  predaceous  animals,  may  be  considered  the  only 
forces  with  which  nature  has  provided  us,  to  work  against  the  foes  of 
man  and  his  cultivated  plants  and  animals.  Some  attention  was  given 
to  the  food  of  the  ground  lizard  {Meiva  dorsalis)  \  but  unfortunately 
the  specimens  which  were  procured  for  dissection  came  from  the 
outskirts  of  Kingston,  where  there  are  no  ticks,  so  that  it  was  not 
possible  from  post-mortem  examinations  to  glean  any  facts  in  support 
of  the  theory  that  these  animals  feed  to  some  extent  upon  cattle  ticks. 
But  it  may  be  of  interest  to  note,  however,  that  a  number  of  captive 
ground  lizards  refused  under  any  condition  to  eat  cattle  ticks,  though 
no  other  food  was  supplied  to  them  during  the  many  days  in  which 
they  were  kept  under  observation.  But  although  the  results  in  so 
far  as  their  tick-feeding  propensities  are  negative,  yet  one  gathers 
from  the  few  post-mortem  examinations  which  were  made  that,  in  a 
state  of  nature,  they  feed  exclusively  upon  those  insects  which  are 
commonly  met  with  in  their  haunts,  such  as  earwigs,  two-winged  flies, 
including  the  parent  of  the  noxious  ‘  screw  worm  ’  {Chrysomyia 
macellaria,  see  also  p.  462),  noctuid  moths,  and  numbers  of  the  smaller 
scarabaeid  beetles.  These  observations  on  the  food  of  the  lizard  will 
not,  it  IS  hoped,  prejudice  the  Islanders  against  the  economic  value  of 
this  animal  or  any  of  its  allies.  Further  investigation  may  yet  prove 
that  the  inference  which  has  been  drawn  by  the  pen  keepers  and 
others  as  to  the  tick-destroying  properties  of  this  and  other  lizards 
IS  a  valid  one. 


*  Ortyx  virginianus. 
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'Bull  Frog’  {Bufo  marmus) 

The  faeces  of  a  number  of  freshly  captured  examples  of  this 
common  batrachian  were  carefully  examined  in  the  hopes  of  finding 
traces  of  cattle  ticks  in  them,  but  none  were  discoverable.  Seeing 
that  the  animal  is  subject  to  the  attacks  of  ticks,  it  may 
be  inferred  that  it  does  not  eat  them,  or  it  would  readily 
remove  the  parasites  from  its  own  body.  Such  a  feat  would, 
however,  be  an  anatomical  impossibility  on  the  part  of  the  host ; 
and  one  may  assume  that  it  does  not  act  the  part  of  the  Samaritan 
in.  removing  ticks  from  its  neighbour.  Several  tick-infested  toads 
were  kept  together  for  a  considerable  period,  and  it  was  quite 
evident  that  no  attempt  was  made  by  them  to  remove  the  parasites 
from  each  other.  The  remains  found  in  the  faeces  consisted  almost 
entirely  of  insects ;  some  comminuted,  others  quite  perfect ;  and  by 
far  the  larger  proportion  were  of  the  common  brown  Scarabaeid 
beetles  known  locally  as  '  Christmas  bugs  ’  {Ligyriis  fossor,  Latr.,  and 
Cyclocefhala  tetrica,  Voct.),  which  sometimes  swarm  in  the  house  and 
on  the  dining  table  at  night  when  the  lights  are  on. 

Rotation  of  Crops  as  a  Method  of  Eradicating 
Tick-infested  Pastures 

Various  plans  have  been  put  forward  in  the  United  States  of 
America  for  the  eradication  of  the  cattle  tick  by  adopting  a  system 
of  rotation  of  crops  suited  to  the  farms  in  certain  parts  of  the  country. 
Such  a  system,  however,  is  quite  impossible  in  Jamaica,  where  the 
pastures  are  laid  down  more  or  less  permanently. 

Results  Obtained  by  Burning  Pastures 

This  was  a  question  which  was  also  submitted  to  the  pen-keepers. 
The  answers  to  this  were,  in  a  very  large  percentage  of  cases,  that  no 
beneficial  results  had  been  obtained  by  adopting  such  drastic 
measures,  and,  moreover,  they  nearly  all  agreed  that  pastures  so 
treated  became  more  heavily  infested,  a  few  weeks  afterwards,  than 
before  the  grass  was  fired.  But  the  contributors  were  certainly  not 
unanimous  in  regard  to  this  question.  Two  of  them  claimed  that  they 
had  obtained  ‘  very  good  ’  and  '  very  satisfactory  results  ’  respectively. 
Many  consider  the  burning  of  pastures  as  a  ruinous  proceeding,  as 
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weeds  take  the  place  of  grass  ;  while  others,  again,  adopt  the  system 
more  or  less  regularly,  though  the  results  so  far  as  the  destruction  of 
ticks  are  concerned  are  apparently  nil. 

One  correspondent  is  opposed  to  the  burning  of  pastures,  because 
of  an  extremely  interesting  discovery  which  he  once  made  in  reference 
to  the  silver  tick  (/I.  cajanense).  He  says  that  ‘in  digging  a  pond, 
ticks,  in  crowds,  turned  up  at  a  depth  of  2  feet  to  18  inches.’  He 
argues,  therefore  that  if  ticks  exist  under  similar  conditions  in 
pastures  which  may  be  full  of  cracks  in  dry  weather  that  burning 
must  be  perfectly  futile. 

Natives,  it  would  seem,  are  also  opposed  to  the  burning  of 
pastures,  because,  in  their  opinion,  fire  causes  ticks  to  breed  more 
freely ;  and  so  firmly  is  this  idea  rooted  in  their  minds  that  it  is  very 
difficult  to  get  them  to  burn  even  those  ticks  which  are  picked  off 
cattle. 

Burning,  of  course,  destroys  all  those  ticks  which  are  upon  the 
grass  or  herbage  ;  but  it  is  quite  evident  that  the  majority  of  those 
which  are  protected  in  cracks  or  crevices  in  the  ground  or  under  logs 
of  wood  and  under  stones  escape  destruction ;  otherwise  it  is 
impossible  that  re-infestation  could  be  brought  about  so  rapidly  after¬ 
wards.  The  explanation  of  the  failure  of  fire  in  the  destruction  of 
ticks  in  pastures  is,  in  the  writer’s  opinion,  undoubtedly  due  to  the 
fact  that  the  ground  had  not  been  cleared  of  all  stock  for  a  sufficiently 
long  period  to  enable  the  ticks  to  lay  their  eggs  and  for  all  the 
grass  lice  to  hatch  and  disport  themselves  over  the  herbage,  thereby 
exposing  themselves  to  the  flames  and  ensuring  complete  extermina¬ 
tion.  To  obtain  thoroughly  satisfactory  results  in  the  burning  of 
tick-infested  pastures,  fire  should  not  be  applied  until  the  eighth  week 
after  the  removal  of  the  stock ;  and  it  is  scarcely  necessary  to  add 
that  this  should  be  done  in  the  dry  season,  and  that  none  but  clean 
cattle  or  ‘  horsekind  ’  should  be  turned  into  the  pasture  afterwards. 
It  was  suggested  by  one  correspondent  that  in  his  opinion  '  the  huge 
full-grown  ticks  which  fasten  on  the  “  frogs,”^  which  are  found  in 
great  numbers  at  night  in  burnt  pastures,’  may  be  the  cause  of  the 
re-infestation  of  grazing  land.  The  tick  in  question  {Amblyomma 
dissimile)  is  not  of  any  economic  importance  to  the  pen-keeper,  as  it 


*  Bufa  marinus.  See  also  the  tick  Amblvomma  dissimih. 
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does  not  attack  his  stock  ;  and,  moreover,  it  does  not,  so  far  one  could 
gather,  occur  in  sufficiently  large  numbers  to  cause  any  appreciable 
annoyance  to  man  or  his  domesticated  animals.  Further  information 
regarding  this  tick  is  given  in  other  parts  of  this  Report  (pp.  445, 
446). 

Apparatus 

The  terms  ‘  sprays  ’  and  ‘  washes  '  are  practically  synonymous,  as 
the  agents  used  in  both  cases  may  be  identical  in  composition.  But 
tick-infested  cattle  must  be  treated  according  to  the  existing 
conditions  or  size  of  the  herd.  Small  owners  need  go  to  no 
expense  in  the  purchase  of  apparatus,  as  washes  can  be  applied 
with  a  suitable  brush,  a  piece  of  cloth,  or  a  bundle  of  tow ; 
but  for  larger  herds  the  pen-keeper  will  require  either  a 
spraying  apparatus  or  a  dipping  tank.  There  are  numerous  forms 
of  spraying  machinery  on  the  market,  which  for  the  most  part  are 
rather  costly.  For  experimental  purposes  we  used  a  Stot’s  Syringe 
fitted  with  one  of  their  fine  nozzles  and  a  Cooper’s  ‘  Bucket  .Spray 
Pump,’  kindly  furnished  by  the  inventors.  The  syringe  proved  by 
far  the  more  convenient  apparatus ;  it  was,  moreover,  extremely 
economical,  there  being  practically  no  waste  of  material.  By  its  use, 
also,  the  spraying  was  carried  out  expeditiously,  and  the  movements 
of  the  animal  could  be  much  more  easily  followed  than  with  a 
heavier  piece  of  apparatus.  The  Stot’s  syringe  or  hand  sprayer  costs 
I  os.  6d.  (f.o.b.),  the  Cooper’s  spray  pump  28s.  6d.  (f.o.b.).  The  best 
form  of  brush  for  liquid  washes  is  tne  kind  used  for  grooming  horses, 
known  technically  as  a  '  body-brush.’  A  native-made  brush,  in  general 
use  in  the  Island,  is  prepared  from  the  fruit  stalk  of  the  cocoanut 
palm  ;  it  forms  an  excellent  apparatus  for  applying  thick  tar  and  oil 
preparations.  Out 'is  quite  unsuitable  for  the  more  mobile  washes. 

The  use  of  diffing  tanks.  This  is  undoubtedly  the  most 
efficaceous  means  of  treating  tick-infested  stock,  as  has  been 
abundantly  proved  in  other  parts  of  the  world.  Unfortunately, 
dipping  is  out  of  the  question  in  some  localities  owing  to  the  scarcity 
of  water  at  the  time  when  stock  most  require  dipping.  But  there 
are  certain  parts  of  the  Island  where  public  dipping  tanks  could  be 
erected,  and  there  are  certain  estates  on  which  it  would  repay  the 
owners  to  erect  such  a  structure  for  their  own  use  exclusively.  This 


is  a  question,  however,  which  the  pen-keepers  can  best  settle 
among  themselves,  and  one  also  which  has  been  brought  forward 
recently  by  the  Government  and  the  Agricultural  Society,  through 
the  generous  offer  of  Messrs.  Cooper  and  Nephews  to  supply  the 
apparatus  free  of  cost  to  the  Island. 

Cattle  Washes  and  Dips* 

Williams,  in  his  official  report,t  recommended  as  the  cheapest 
and  most  reliable  dressing  for  cattle  ticks :  ‘  One  pint  of 
tar  to  three  pints  of  boiled  linseed  oil,  to  be  applied  to 
all  parts  of  the  tick-infested  skin,’  and  added  that  ‘  if  one  dressing 
be  not  sufficient  a  second  should  be  applied  in  a  few  days.’ 
This  formula,  with  various  complicated  modifications,  has  been  m 
more  or  less  general  use  for  the  last  thirteen  years.  That  this 
mixture  or  a  modification  of  it  is  effective  as  a  local  a-pplicaiiou 
cannot  be  denied,  but  it  is  much  too  drastic  in  its  effect  upon  cattle 
to  be  of  any  real  service  in  the  treatment  of  tick-infested  animals. 

There  are  also  numerous  other  forms  of  washes  in  use,  many  of 
them  prepared  from  materials  which  the  settler  may  have  at  hand, 
but  these,  for  the  most  part,  are  altogether  too  complicated  and,  in 
many  instances,  also  too  costly  to  be  applied  on  a  large  scale. 

Several  proprietary  washes  and  dips  are  also  used ;  and  in  many 
instances  with  satisfactory  results.  In  the  series  of  experiments 
which  were  conducted  by  us  at  the  Government  Laboratory  some  of 
the  more  popular  of  these  were  tested,  by  spraying  a  number  of  tick- 
infested  cattle.  The  results  obtained  gave  a  percentage  of  dead  ticks 
varying  from  5  per  cent,  to  65  per  cent. 

After  prolonged  experiments  a  most  effective  spraying  wash  has 
been  evolved,  consisting  of  a  mixture  of  Cooper’s  '  Dip  powder  ’  and 
Cousin’s  '  Paranaph.’*  The  former  is  a  most  effective  preparation 

*  This  portion  of  the  Report  is  contributed  in  part  by  the  Honourable  H.  H.  Cousins, 
^I.A.,  F.C.S.,  Director  of  Agriculture,  Jamaica,  and  his  assistant,  Mr.  E.  J.  Wortlev, 
F.C.S. 

t  Loc.  cit. 

t  The  formula  of  this  preparation  is  as  follows  : 

1.  Soft  Soap  (Chiswick  Imperial)  55-6  %. 

2.  Water  . 21-7  %. 

3.  Naphthaline  ..  ..  ..  5'2  %. 

4.  Paraffin  . H'S  %• 
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when  used  as  a  dip,  but  was  not  found  sufficiently  mobile  to  use  as  a 
spraying  mixture,  as  it  does  not  readily  penetrate  to  the  skin, 
especially  in  long-coated  animals,  and  this  was  particularly  noted  in 
a  young  calf  which  was  used  for  experimental  purposes.  Cousin’s 
'  Paranaph  ’  is  also  a  proprietary  article,  consisting  of  soap-paraffin 
and  naphthaline,  devised  originally  for  washing  hops  and  fruit  trees 
in  Kent.  The  proportions  of  Cooper’s  dip  used  by  us  is  the  minimum 
strength  recommended  for  use  in  dipping  sheep  and  cattle  ;  but  in 
South  Africa,  where  the  ‘  Bont  Tick  ’  (Amblyomma  hebraeiini)  is  very 
difficult  to  kill,  the  powder  is  used  with  safety  half  as  strong  again. 
The  ‘Silver  Tick’  of  Jamaica  (A.  cajanense),  though  closely  allied 
to  the  ‘  Bont  T ick,’  does  not  appear  to  be  so  tenacious  of  life  as  its 
.African  relative.  Realising  the  difficulty  of  obtaining  the  exact 
nature  of  the  result  of  this  compound  upon  ‘  grass  lice,’  which  from 
their  minute  size  are  rendered  almost  invisible  among  the  hair  of 
the  host,  control  experiments  were  made  by  placing  masses  of  the 
young  lice  in  muslin  bags.  These  were  completely  immersed  in  the 
dip  and  afterwards  suspended  in  the  open  air  in  a  cool  place  and 
allowed  to  dry.  Eighteen  hours  afterwards  the  ‘  lice  ’  were  found 
still  living  but  on  the  third  day  every  tick  was  dead  ;  so  that  we  may 
justly  claim  that  this  preparation  is  equally  effective  for  all  stages 
of  cattle  ticks.  The  exact  formula  of  this  wash  is  here  given. 

Paranaph  i  part,  water  6  parts. 

Cooper’s  dip  i  packet  to  20  gallons  of  water. 

One  and  a  half  quarts  per  head  seems  quite  enough  if  applied 
properly.  This  preparation  has  proved  not  only  effective  in  its 
immediate  results,  but  a  most  persistent  and  adherent  tick-destroying 
medium.  The  cattle  which  were  sprayed  by  us,  although  left  to  graze 
in  pasturage  which  was  positively  alive  with  ‘  grass  lice  ’  for  a  period 
of  five  weeks,  had  at  the  end  of  that  time  scarcely  a  live  tick  upon 
them.  We  are  sanguine,  therefore,  that  the  tick  problem  in  Jamaica 
can  be  controlled  cheaply  and  effectively  with  appliances  readily 
obtainable  and  usable  by  any  owner  of  stock  ;  but  the  following 
conditions  should  be  rigorously  adhered  to  in  spraying  or  washing 
cattle  :  — 

I.  The  application  of  this  mixture,  which  contains  POISON,  must 
not  under  any  condition  be  applied  at  a  less  interval  than  fourteen 
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days  :  and  in  our  experience  every  five  to  eight  Aveeks  during  the 
winter  months  is  sufficient  to  keep  the  cattle  practically  free  of  ticks. 

2.  All  sprayings  or  washings  should  take  place  in  the  early 
morning ;  and  the  cattle  should  be  allowed  to  dry  in  the  shade  before 
turning  out  to  graze. 

3.  If  cattle  have  to  be  driven  for  any  distance  they  should  be 
allowed  to  cool  before  spraying.  Driving  both  before  and  after 
should  be  quiet. 

4.  Cattle  of  all  ages  and  also  cows  in  calf  may  be  sprayed.  Cows 
in  milk  should  have  the  lower  portions  of  their  udders  sponged  before' 
milking  on  the  first  day  of  the  spraying. 

5.  The  spray  should  be  so  finely  distributed  that  practically  none 
of  the  liquid  drips  off  the  animals  treated.  To  avoid  danger  the 
operation  should  be  conducted  on  a  site  devoid  of  grass. 

6.  All  waste  products  and  washings  from  the  apparatus  used 
should,  be  thrown  into  the  drains,  or,  safer  still,  into  a  hole  in  the 
ground  and  covered  with  a  layer  of  soil. 

7.  All  these  instructions  are  applicable  both  for  dipping  as  well 
as  for  spraying.  But  in-calf  animals  should  not  be  dipfed  a  month 
or  so  before  calving. 

We  have  every  confidence  in  recommending  this  preparation, 
which,  although  containing  arsenic  is  perfectly  safe.  The  cattle 
treated  by  us  did  not  suffer  in  the  least ;  moreover,  Cooper’s  dip  and 
other  arsenical  preparations  have  been  in  use  for  several  years  in 
Africa,  Australia  and  South  America,  and  although  thousands  of 
cattle  have  been  put  to  the  test  in  all  of  these  countries  no  loss  has 
been  occasioned  when  the  regulations  for  its  use  have  been  strictly 
carried  out 

In  the  conditions  obtaining  in  Jamaica  we  do  not  consider  that 
dipping  is  a  practicable  method  ;  it  is  too  costly,  consumes  too 
much  wash,  and  is  not  without  risk  to  stock.  We  advocate  spraying 
with  a  wash,  as  above,  possessed  of  such  wetting  power  that  a  very 
fine  spray  will  sei  \'e  to  wet  and  destroy  all  the  ticks  at  one  operation. 


CONCLUSIONS 


1.  That  the  tick  responsible  for  the  transmission  of  Texas-fever 
IS  the  so-called  Texas-fever  tick  {Mar  gar  opus  annulatus  var. 
australis),  thoug-h  experimental  proof  is  needed  to  confirm  this  in  the 
Island  of  Jamaica 

2.  That  ticks  are  most  abundant  during  the  dry  season. 

3.  That  ticks  are  dispersed  from  place  to  place  chiefly  by  the 
host  to  which  they  are  peculiar. 

4.  That  rain  or  temporary  flooding  with  water  does  not  destroy 
ticks  or  their  eggs. 

5.  That  a  relatively  large  number  of  young  ticks  will  hatch  and 
possibly  survive  for  longer  periods  in  dirty  pastures  than  in  pastures 
which  are  free  from  weeds  and  scrub. 

6.  That  ticks  cannot  survive  indefinitely  and  reproduce  their 
species  without  access  to  a  host. 

7.  That  all  natural  enemies  of  ticks  should  be  encouraged  in 
every  possible  way,  and  that  fowls  should  be  kept  in  all  cattle  pens. 

8.  That  in  all  cases  where  it  is  practicable  the  burning  of  pastures 
should  not  be  carried  out  until  the  eighth  week  after  the  removal  of 
all  stock. 

9.  That  tick-infested  animals  should  be  thoroughly  sprayed  or 
dipped  regularly  at  intervals  of  five  to  eight  weeks,  or  at  less  intervals 
if  found  necessary.  Local  applications  being  of  little  use  in  the 
destruction  of  cattle  ticks,  though  useful  in  destroying  those  species 
which  infest  the  natural  cavities  of  the  horse  and  mule. 

10.  That'  the  effort  to  destroy  the  ticks  must  be  a  united  one  ; 
no  half  measures  will  serve  ;  all  must  participate  in  the  work. 

11.  That  the  evidence  of  those  pen-keepers  who  have  constantly 
waged  war  against  this  pest  is  that  ticks,  on  their  respective  estates, 
are  not  nearly  as  troublesome  as  formerly.  The  writer  very  willingly 
bears  testimony  in  support  of  this  statement. 

12.  That  the  Island  Government  remove  tiie  duty  from  all 
materials  used  in  spraying  and  dipping  cattle. 
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Glossary  of  Colloquial  Names  of  Ticks  in  use 

IN  THE  Island 


Name. 


Blood  or  cattle  tick 

Bull-frog  tick 
Constab  or  red-back 
Cow  tick 

Dog  tick 

Flatticus 

Cow  tick 
Grass  lice 


Jamaica  tick 

Long  red-brown  oval  tick  ... 

Pimento  tick  ...  . 

Red  backs 
Red  tick,  small 
Red  tick,  large 
Red  grass  lice,  large  ... 

Silver  tick  ...  ...  ) 

Silver  backs  ...  ...  ) 

Texas  fever  tick  . 


Stage  in  Developmental 
Cycle. 


Replete  adult  females 

All  stages  attached  to  host  ... 
Nymph 

Replete  adult  females 

Adult  females 

Usually  unengorged  adult 
females 

Replete  adult  females 
Larval  or  first  stage  ... 

Replete  adult  females 

Engorged  nymphs 
Adults  of  both  sexes 
Unfed  nymphs 
Unfed  nymphs 
Engorged  nymphs 
Unfed  nymph 

Male  and  female  (unengorged) 

Usually  the  partly  and  fully 
engorged  female 


Scientific  Name. 


Margaropus  annulatus  australis  and 
Arnhlyomma  cajanense 
Amblyomma  dissimtle 
Amblyomma  cajanense 
M.  annulatus  australis  and 
Arnhlyomma  cajanense 
Rhipicephalus  sanguineus  and 
Dermacentor  nitens 
M.  annulatus  australis 

M.  annulatus  australis 
M.  annulatus  australis  and  Amhly- 
omma  cajanense  ;  also  all  other 
species  in  this  stage 
M.  annulatus  australis  and 
Amblyomma  cajanense 
M.  annulatus  australis 
Amblyomma  maculatum 
Amblyomma  cajanense 
Amblyomma  cajanense 
M.  annulatus  australis 
Amblyomma  cajanense 


Ambloymma  cajanense 
M.  annidatus  australis 


MYIASIS  IN  MAN  PRODUCED  BY  THE  LARVAE  OF 
CHRYSOMYIA  lC03fPS0J/YIA}  MACELLARIA 

Dr.  J.  A.  Allwood  of  Kingston  very  kindly  presented  to  the  School 
three  immature  larvae  of  this  horrid  pest  which  he  extracted  from 
the  ear  of  a  Syrian,  December  26th,  1909. 

Though  immature  they  are  undoubtedly  referable  to  this  species, 
and  there  can  be  little  doubt  that  the  patient  had  become  infested 
during  his  short  stay  in  the  Island.  At  Constant  Spring  and  also  in 
other  parts  of  the  parish  of  St.  Andrews  this  insect  is  one  of  the 
commonest  of  the  ‘  blow  flies,’  and  the  foetid  carcase  of  a  bird  or 
mammal,  placed  in  the  sun,  forms  an  attractive  bait  for  this  very 
handsome  thoug'h  much  dreaded  Muscid.  They  are  extremely  active 
in  their  habits ;  but  though  repeatedly  disturbed  by  the  sweep  of  the 
fly-net  they  would  return  again  and  again  to  the  same  tempting  bait. 
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On  one  occasion  over  twenty  individuals  were  counted  while  they 
were  frequenting  the  carcase  of  a  mongoose.  They  seemed  equally 
common  during  December  and  January.  Like  the  allied  European 
Lucilia  serricata,  which  it  much  resembles  in  habits,  it  evidently 
passes  its  larval  stage  usually  in  putrid  carcases,  but,  unlike  the  latter, 
it  also  infests  man  as  well  as  his  domesticated  animals.  Fortunately 
for  Jamaica  the  John  Crows  [Catharies  aura)  remove  practically 
all  traces  of  carrion  from  man’s  habitation,  and  in  this  way,  no  doubt, 
very  materially  check  the  increase  of  this  pest. 

The  fly  may  be  readily  recognised  by  the  following  characteristics  : 

Female.  Face  and  jowls  testaceous,  the  latter  clothed  with  long 
golden  hairs ;  cheeks  golden  yellow.  Third  segment  of  antennae 
smoky  brown,  basal  segments  paler.  Eyes  red-brown,  widely 
separated.  Thorax  brilliant  metallic  grey-green  with  three  broad, 
equidistant,  black  stripes  having  bluish  reflections ;  scutellum  bronzy- 
greenish  blue.  Abdomen  bronzy  green  with  bluish  reflections.  Legs 
black.  Length,  6  to  9  mm  ;  expanse  of  wing,  9  to  1 7  mm. 

Male.  Similar  but  smaller,  and  the  eyes  almost  meet  in  the 
median  line. 

HORN  FLY 

Lyperosia  irritans,  Linn. 

This  is  the  small  black  fly  which  is  known  in  the  United  States 
as  the  '  Horn-Fly,’  so  named  because  of  its  peculiar  habit  of  clustering 
in  masses  about  the  bases  of  the  horns  of  cattle.  Howard,*  who  has 
given  a  very  interesting  account  of  the  habits  and  life-cycle  of  the 
insect,  points  out  that  there  is  no  foundation  for  the  belief  that  it 
damages  the  horn  by  eating  into  it  or  causing  it  to  decay.  Curiously, 
this  extraordinary  habit  does  not  obtain  in  England,  nor,  so  far  as 
the  writer’s  experience  goes,  does  it  in  certain  portions  of  the 
Continent  of  Europe ;  and  the  few  examples  which  the  writer 
saw  in  Jamaica  certainly  did  not  resort  to  the  horns  of  cattle  as  a 
resting  place.  Howard  discovered  for  the  first  time  that  the 
eggs  are  laid  in  freshly  dropped  dung  and  that  the  whole 
cycle  occupies  about  a  fortnight.  Although  the  writer  has  had 
abundant  opportunities  for  the  study  of  the  life-cycle  in  England,  he 


*  Insect  Life,  Vol.  11,  p.  i. 
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has  not  so  far  been  able  to  find  the  larval  stages  in  cattle  dung  ; 
though  the  insect  has  been  reared  artificially  in  such  materials.  In 
Jamaica,  as  in  Europe,  the  flies  generally  confine  their  attacks  to 
the  back  and  flanks  of  the  cattle,  and  they  show  a  marked  preference 
for  certain  animals,  such  as  roans  and  blacks,  though  for  some 
unaccountable  reason  they  have  been  seen  to  single  out  a  red-coloured 
cow  and  leave  the  rest  of  the  herd  in  comparative  peace.  It  is  a 
most  vicious  biter  and  will  follow  cattle  into  the  shade  in  sheds  as 
well  as  under  trees,  causing  them  great  annoyance. 

The  first  indication  of  its  presence  in  Jamaica  was  made  by  Mr. 
Stephen  Maxwell,  of  Elphinstowe,  St.  Elizabeth,  who,  in  forwarding- 
examples  for  identification,  stated  that  ‘  these  flies  have  been  noticed 
here  for  the  first  time  this  year,  and  are  very  troublesome.’  This 
locality  is  in  the  mountains  of  the  Santa  Cruz  range.  Subsequently 
the  writer  met  with  this  insect  in  several  places,  never,  however,  in 
great  numbers  ;  and  it  would  seem  at  present  as  if  it  were  more 
particularly  confined  to  the  parishes  of  St.  Elizabeth  and  Manchester. 
Dr.  Froggatt^  records  the  occurrence  of  this  pest  at  Vera  Cruz,  and 
says  that  when  leaving  this  place  for  Habana,  Cuba,  that  on  coming 
on  board  the  vessel  he  found  ‘  the  cattle  were  smothered  with  the 
blood-sucking  Horn-fly,’  It  is  evident,  therefore,  that  this  insect  is 
common  in  some  of  the  other  West  Indian  islands.  As  a  remedy,  or 
rather  a  preventative,  against  the  attacks  of  the  flies  the  wash 
recommended  for  ticks  may  also  act  as  a  deterrent  against  this  insect. 
In  the  United  States  train  oil,  or  train  oil  with  a  little  sulphur  or 
carbolic  acid  added,  has  been  found  to  keep  off  the  flies  for  a  few 
days  ;  and  a  spade  full  of  lime  thrown  upon  cow  dung  will  destroy 
the  larvae  which  may  be  living  in  it.  (Howard,  loc.  cii.). 

THE  ‘STABLE  FLY’ 

Slomoxys  caLcitrans  (Linn.). 

This  is  the  commonest  blood-sucking  fly  in  the  Island,  and 
appears  to  be  very  generally  distributed  ;  and  although  it  usually 
occurred  m  small  numbers,  in  one  or  two  instances  it  was  plentiful 
enough  to  cause  the  animals  annoyance  by  its  persistent  attacks. 

*  Official  Report  on  Fruit  and  other  Pests  in  various  countries,  1907-8,  p.  26. 
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The  writer  has  already  traced  out  the  life-cycle  of  this  insect ; "  but 
some  observations  which  were  made  m  Jamaica  may  not  be  without 
interest  as  bearing  upon  the  economy  of  the  species.  Larvae  were 
found  at  Stony  Hill,  St.  Andrew,  in  the  month  of  January.  They 
were  feeding,  m  small  numbers,  on  fermenting  stable  refuse,  but  in 
such  portions  of  it  only  as  contained  an  excess  of  green  fodder.  The 
fully  matured  ones  had  crawled  several  feet  away  from  the  refuse 
and  pupated  in  the  soil  an  inch  or  so  below  the  surface.  Several  had 
congregated  together  at  the  foot  of  a  tree  growing  hard  by;  and 
many  pupae  were  found  in  the  bifurcations  of  the  main  roots  close 
up  to  the  trunk  of  the  tree.  Flies  were  bred  from  some  of  the  pupae, 
so  that  there  can  be  no  doubt  as  to  the  identity  of  the  species. 

SMALL  YELLOW  HORSE  FLY 

Ckrysofs  coslaL?s,  Fab.  (=  C.  aniazouicus  Rond.) 

Representatives  of  the  Tabanid  group  of  blood-sucking  flies  were 
not  only  very  scarce  but  also  extremely  local  m  their  distribution. 
This  was  markedly  so,  at  any  rate,  during  the  months  of  December 
and  January.  This  Chrysops  was  seen  in  small  numbers  in  the  Port 
Henderson  swamps  ;  and  all  the  specimens  which  w'ere  taken  by  the 
writer  were  captured  by  him  as  they  settled  upon  a  native  driver. 
They  did  not  attack  the  mule  which  was  being  driven  through  this 
little  fly  belt ;  but  they  evidently  attack  horses,  as  two  examples 
which  were  presented  to  the  School  by  Dr.  Tiirton  were  captured  by 
him  while  in  the  act  of  sucking  blood  from  his  horse.  It  produces 
little  or  no  noise  when  flying ;  and  it  settles  so  quietly  as  to  be 
scarcely  felt. 

A  NEW  BLOOD-SUCKING  TABANID 

Atylotus  jamaicensis,  n.  sp.  (Newstead) 

Thorax  grey  ;  abdomen  pale  brown  ;  wings  faintly  speckled. 

Head.  Face  white,  pubescence  white,  beard  white.  Palpi 
creamy  white,  with  mixed  black  and  white  hairs,  the  latter  prepon¬ 
derating,  the  former  forming  a  faint  black  tip.  Forehead  dull  bronz) 

*  Journ.  Econ.  Biol.,  Vol.  I,  1906,  pp.  157-166,  pi.  XII. 

Reprinted  Ann.  Trop.  Med.  and  Parisit.,  Vol.  I,  pp.  P^-  ^4  i9°7- 
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ochreous,  hairs  black ;  tuberculate  spot,  black,  shining,  especially  on 
the  lower  half ;  with  a  very  fine  (almost  obscure)  black  hair-line 
extending  towards  the  vertex ;  the  latter  with  a  median  blackish 
suffused  spot.  Eyes,  in  life,  coppery  brown  with  bronzy  and  golden 
reflections  ;  and  a  faint  narrow  bronzy  green  band  below  the  centre. 
Antennae  reddish  yellow,  annulations  on  third  segment  intensely 
black ;  hairs  on  first  segment  mixed  black  and  white,  the  former 
forming  a  black  tuft  dorsally  ;  second  segment  frmg-ed  apically  with 
black  hairs  ;  third  with  five  to  six  scattered  black  hairs  on  dorsal 
surface  of  the  swollen  basal  portion.  Thorax,  dark  smoky  grey,  with 
two  broad  but  almost  obscure  darker  stripes.  Abdomen  pale  smoky 
brown,  gradually  darkening  apically ;  hairs  mixed  black  and  white  ; 
apical  margins  narrow  and  paler.  Legs  a  little  darker  than  the 
antennae ;  anterior  femora,  blacki,sh  dorsally  for  nearly  their  whole 
length ;  the  tibiae,  apically  blackish  all  round  ;  middle  and  hind  pairs 
similar,  but  the  black  is  less  intense  ;  tarsi,  blackish  apically,  terminal 
segments  entirely  so. 

Closely  allied  to  Aty lotus  completus,  but  is  distinguished  by  its 
smaller  size,  and  the  absence  of  any  abdominal  markings.  It  belongs  to 
the  same  group  which  includes  also  A.  tritus.  Walk.  Two  females  only 
of  this  small  Tabanid  were  captured  by  the  writer  while  in  a  boat  off 
Port  Royal,  Kingston,  Jamaica,  December  ist,  1908.  The  first  was 
taken  shortly  after  leaving  one  of  the  little  Cay  Islands,  the  other 
when  nearing  the  mainland  of  Jamaica.  Both  examples  made 
repeated  attacks  on  the  naked  feet  and  legs  of  the  writer’s  companions, 
and  one  was  eventually  captured  while  in  the  act  of  sucking  blood. 
When  disturbed  they  disappeared  mysteriously  into  the  inaccessible 
portions  of  the  boat,  re-appearing  after  a  lengthened  absence. 
Though  a  careful  watch  was  kept,  no  other  examples  were  seen  either 
on  the  Cay  which  was  visited  of  on  the  main  Island.  It  is  remarkable, 
therefore,  that  the  species  should  be  met  with  at  sea  only. 

SMALL  DIPTEROUS  FLIES  INFESTING  MAN 

These  flies  resemble  Ceratopogon  in  habits,  i.e.,  flight  and  in  their 
persistent  habits  of  attacking  man.  All  the  specimens  were  captured 
by  arranging  half  a  dozen  native  boys  in  single  file  and  then  sweeping 
the  net  over  their  feet.  They  congregate  chiefly  round  the  toes ;  but 
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more  especially  those  which  have  slight  abrasions  of  the  skin  or  small 
ulcers,  dirt,  etc.  They  are  also  easily  attracted  by  fresh  meat  and 
recently  killed  birds  and  mammals. 

Of  these  flies  there  were  at  least  two  if  not  three  species ;  and 
the  colour  pattern  as  seen  in  life  is  herein  appended. 

Large  species.  Head,  ochreous ;  eyes,  bronzy  with  green  reflec¬ 
tions  ;  large  segments  of  antenna,  ochreous ;  tip,  smoky  brown. 
Thorax,  shining  black  with  obscure  greenish  reflections  (i.e.,  bronzy 
greenish-black).  Abdomen,  above,  shining  black  to  brownish-black  ; 
broad  basal  segment  and  venter,  pale  translucent  ochreous.  Legs 
ochreous  ;  claws  dark  brown. 

Small  species  (a).  Similar  to  the  above,  but  with  the  posterior 
tibia  blackish,  with  pale  basal  and  apical  bands  and  darker  tarsi. 

Small  species  (b).  Similar  in  size  to  (a),  but  all  the  tibiae  blackish. 


A  HIPPOBOSCID  PARASITIC  ON  BIRDS 

Ornithoctona  erythrocephala^  Leach. 

One  example  of  this  interesting  though  apparently  common 
parasite  was  secured  as  it  flew  from  the  body  of  a  freshly  killed  Green 
Parroquet  (Conurus  nanus'),  at  Worthy  Park  on  January  8th.  Its 
flight  was  strong,  and  had  it  not  persisted  in  its  attacks  on  the 
writer  it  is  doubtful  if  it  would  otherwise  have  been  secured.  Another 
specimen  of  this  fly  was  also  captured  by  Mr.  W.  Maxwell  at 
Friendship  in  the  Santa  Cruz  Valley,  St.  Elizabeth,  from  the  body 
of  a  Peregrine  (Falco  peregrinus  nigriceps),  also  in  the  month  of 
January.  This  exa,mple  was  very  kindly  presented  to  the  School. 
The  colour  pattern  of  this  insect  in  life  was  noted  at  the  time ;  here 
IS  a  description  of  it  :  — 

Head,  red-brown ;  eyes,  black  ;  thorax,  black.  Legs,  femora  and 
hind  coxa,  above,  dark  vivid  green  ;  anterior  and  middle  coxae  pale 
translucent  ochreous.  Abdomen,  with  a  faint  tinge  of  vivid  green, 
most  strongly  pronounced  on  the  anal  segment.  Length,  8  mm. 
Expanse  of  wing,  21  mm. 
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A  HIPPOBOSCID  FLY  PARASITIC  ON  BATS 

Trichobiits  parasitic/us,  Gerv. 

In  the  hope  of  procuring  ticks  from  the  indigenous  bats  of 
Jamaica  a  visit  was  paid  to  the  enormous  cave  on  the  estate  of  the 
Honourable  J.  V.  Calder,  Worthy  Park,  m  the  parish  of  St.  Catherine. 
This  was  on  January  8th,  1909.  The  most  distant  cavern  was  found 
swarming  with  bats,  the  whole  roof  of  this  enormous  place  being 
blotted  out  by  a  fluttering  cloud  5  to  6  feet  deep,  their  wings 
producing  a  sound  like  that  of  a  strong  wind  passing  through  a  forest 
of  trees.  Specimens  of  two  distinct  species  of  bats  were  secured, 
and  as  these  plo^'ed  to  be  rareties  111  our  national  collections  at 
British  Museum,  examples  of  both  kinds  have  been  presented  to  the 
authorities.  Chilonycteris  parnelli  evidently  preponderated,  judging 
by  the  number  of  individuals  captured  ;  but  the  fruit-eating 
Monophyllus  redmam  also  swarmed.  The  latter  had  evidently 
carried  m  enormous  quantities  of  the  large  fruit  of  the  ‘  Santa  Maria,  ’ 
{CalophylLimt  caLaba,  Jacq.),  and  quantities  also  of  the  Ginep 
{^Maltcocca  bij^iga,  Linn.),  as  both  kinds  were  found  germinating  in 
the  farthest  recess  of  the  cave,  a  great  distance  from  the  entrance. 
Here  in  this  dark  recess  also  were  seen  quite  a  number  of  flies 
flitting  about  the  lamps  as  we  moved  from  place  to  place.  These 
were  of  two  kinds,  a  tiny  midge-like  species  and  a  larger  kind 
resembling  somewhat  a  house-fly  in  size  and  colour.  Specimens  of 
both  were  secured,  but,  unfortunately,  those  of  the  black-looking 
species  were  lost  while  returning  from  the  cave.  The  smaller  fly 
proved  to  be  T r ichobius  ptirasilicus,  one  of  the  Hippoboscid  group 
belonging  to  the  family  Streblidae.  Besides  those  which  were 
secured  while  on  flight,  fourteen  others  were  taken  from  nine  of  the 
captured  bats.  They  were  extremely  active,  some  of  them  taking 
flight  when  efforts  were  made  to  secure  them ;  and  they  appeared 
by  the  artificial  light  somewhat  like  the  small  ‘  powder-winged  ’  flies 
of  the  genus  Aleurodes.  Both  kinds  of  bats  harboured  these 
parasites.  In  life  the  colour  is  of  a  uniformly  pale  yellowish  brown  ; 
the  wings  being  pale  ochreous-w^hite  with  delicate  -  pale  brownish 
veins.  Length,  1-50  to  2  mm. 
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CHIGGOE  FLEA 

Der7r,alo-philiis  (Sarcopsylla)  penetrans 

vSaid  to  be  common  and  generally  distributed  over  the  whole  of 
the  Island  ;  but  this  requires  confirmation.  It  was  certainly  a  serious 
pest  in  certain  portions  of  St.  Catherine,  Manchester  and  St, 
Elizabeth.  It  is  not  only  parasitic  on  man,  but  is  commonly  met  with 
also  on  pigs,  confining  its  attacks  chiefly  to  the  feet  between  and 
immediately  above  the  hoofs  of  the  animal  (PI.  XV,  fig.  2).  Pigs 
are  most  subject  to  the  attacks  of  the  Chiggoe  when  they  have 
free  access  to  dry  sheltered  places  in  sheds  or  beneath  the  native 
huts,  especially  where  the  floor  or  ground  is  covered  with  a  thick 
layer  of  dust  and  dirt.  Pigs  which  have  their  feet  more  or  less 
constantly  in  wet  litter  or  mud  do  not  apparently  get  infested. 

The  local  remedy  is  to  paint  the  infested  parts  with  Jeyes’  fluid, 
undiluted.  Man  sometimes  also  employs  the  same  means  for 
destroying  the  parasite.  As  a  measure  of  prevention,  pigs  should 
certainly  not  be  allowed  to  harbour  beneath  or  near  the  native  huts  ; 
but  it  would  be  difficult  to  adopt  even  so  small  a  precaution  owing 
to  the  indolence  of  the  natives,  who,  it  would  seem,  would  rather 
stay  at  home,  when  the  occasion  serves,  paint  their  feet  with  Jeyes’ 
and  make  a  holiday  of  the  event ! 

ANTHRAX  LUCIFER 

This  conspicuous  and  rather  handsome  fly  with  a  streak  of 
brownish-orange  on  its  wings  was  frequently  seen  associated  with 
butterflies,  frequenting  wet  mud  at  the  margins  of  wayside  pools,  in 
the  beginning  of  December.  .It  generally  occurred  singly,  but  was 
swift  of  wing,  dashing  away  from  its  haunts  with  lightning  rapidity, 
so  that  it  was  with  difficulty  that  examples  were  captured.  It  may 
be  of  some  economic  importance,  as  are  other  members  of  the 
Bombiliidae,  in  that  the  larvae  of  certain  species  are  known  to  devour 
the  eggs  of  locusts.  This  is  not  a  blood-sucking  insect,  and  does  not, 
therefore,  come  strictly  within  the  pale  of  this  Report.  Its  striking- 
similarity  to  a  Tabanid  of  the  genus  Haemaiopota,  when  on  flight, 
was  so  marked  as  to  completely  deceive  the  writer  on  more  than  one 
occasion.  For  this  reason  alone  has  it  been  thought  desirable  to 
make  this  record. 
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PLATE  XIII 


c 


P'lG.  I.  Silver  Tick  {A//iblyo//i//ia  cajaiiense). 
Nat.  size. 


PTu.  2.  Texas  Tick  {Margaropus 
anjiulatus  australis). 

Nat.  size. 


a,  Larvae  or  grass  lice  ;  b,  Nymph  ;  c,  Unengorged  female  ;  il,  Male  ;  e,  Females  partly  engorged  ; 
f,  Female  nearing  repletion  ;  g,  Replete  or  fullv  engorged  female. 


Fic.  3.  ‘Bull  Frog’  [Biifo  marinns)  with  the  Tide  {Amblyoninia  ihssnnile). 

Nat.  size. 


PL  A  TE 


A/I 


Fu;.  I.  Crotophaga  a/ii.  Savanah  or  Parrot-l)ined  Blackbiid. 


Frojii  specimens  pycpiired  by  the  Anthor. 

2.  Quiscalus  crassirostris.  ‘Tinkling  Grackle,’  or  Sa\anah  Blackbird. 


Fic.  I.  Cattle  Ticks  talcen  from  the  stomachs  of  two  Tiiiklings  [Q/iiscalus  cmssirostris) 


Fig.  2. 


Feet  of  the  pig  infested  with  Cliiggoes  {Dennalophiliis pertetrans). 
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II.  INTRODUCTORY 

In  preparing  this  report,  i  have  kept  two  objects  m  view  ;  first 
of  all,  to  give  as  scientific  and  accurate  a  description  as  possible  of 
the  prevalence  and  distribution  of  Malaria  in  Jamaica  and  of  the 
measures  necessary  to  diminish  it,  which  I  hope  may  be  of  some 
value  and  interest  to  other  medical  and  scientific  men  who  have  to 
deal  with  similar  problems  elsewhere  ;  and,  secondly,  at  the  same 
time,  to  do  so  in  such  a  manner  as  will  place  the  facts  before  the 
Executive  and  the  general  public  of  Jamaica  in  simple  and  non¬ 
technical  language.  For  this  purpose  I  have  thought  it  advisable 
to  enter  into  some  details  as  to  the  history  of  malaria,  the  life 
history  of  the  parasite,  and  the  habits,  etc.,  of  the  mosquito,  which 
are  now  well  known  to,  and  accepted  by,  the  scientific  world,  but 
which  my  visit  to  Jamaica  showed  me  were  not  fully  appreciated 
by  the  laity  in  the  Island.  Doubtless  these  details  could  be  obtained 
from  various  reports  and  works,  but  experience  shows  that  people  will 
not  take  the  trouble  to  wade  through  numerous  blue  books  and  papers 
in  order  to  extract  the  necessary  information  from  a  mass  of  other 
details,  and  I  hope  that  in  thus  condensed  form  it  will  receive  the 
careful  study  of  those  upon  whom  devolve  the  various  health  problems 
of  the  Island,  and  that  a  serious  effort  will  be  made  to  bring  Jamaica 
abreast  of  modern  progress  in  this  direction.  Jamaica  has, 
unfortunately,  allowed  itself  to  fall  somewhat  behind ;  the  sister 
islands  in  the  West  Indies  are  taking  active  measures  in  the  direction 
of  anti-malarial  and  anti-mosquito  sanitation,  and  lamaica  must  bestir 
itself  if  it  is  not  to  be  outstripped. 

And  I  should  like  to  say  that  this  condition  of  affairs  is  not  due 
to  want  of  appreciation  of  its  necessity  on  the  part  of  the  Head  of 
the  Medical  Department  and  the  medical  profession  generally  in  the 
Island.  One  still  occasionally  meets  a  medical  man  who  does  not 
believe  in  the  so-called  mosquito  '  theory  ’  of  malaria.  If  such  exist 
I  did  not  meet  any  of  them.  But  I  did  find  a  body  of 
men,  most  keen,  energetic,  enthusiastic,  and  fully  up-to-date  in 
modern  scientific  methods  and  in  knowledge  of  the  vast  strides  which 
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1  ropical  Medicine  has  made  of  late  years,  and  quite  prepared  to  apply 
these  lessons  if  they  received  any  encouragement.  Rather,  I  think, 
it  must  be  attributed  to  a  certain  amount  of  indifference  on  the  part 
of  the  laity,  and  perhaps  a  fatalism  due  to  lack  of  knowledge  that 
such  conditions  are  remediable  ;  and  I  am  sure  that  when  once  the 
facts  are  placed  before  the  public,  when  they  once  appreciate  the 
importance  of  dealing  with  this  disease,  which  interferes  so  consider¬ 
ably  with  the  prosperity  of  the  island,  and  with  the  efficiency,  the 
health  and  even  the  lives  of  its  inhabitants,  there  will  be  no 
hesitation  in  dealing  with  it  promptly  and  thoroughly. 

III.  DESCRIPTION  OF  THE  ISLAND 

As  there  is  such  an  intimate  connection  between  the  physical 
configuration  of  the  Island  and  the  conditions  which  affect  the 
propagation  of  the  mosquito  and  thus  influence  the  prevalence  of 
malaria,  a  brief  description  of  the  Island  seems  advisable. 

It  is  situated  between  17°  43'  and  18°  32'  North  and  76°  ii'  and 
78°  20'  50"  West.  The  extreme  length  of  the  Island  is  144  miles  and 
its  greatest  width  49  miles. 

It  is  very  mountainous,  a  great  central  chain  trending  generally 
east  and  west,  dividing  the  island  roughly  into  north  and  south 
portions.  From  this  chain,  a  number  of  subordinate  ridges  or  spurs 
run  to  the  north  and  south,  there  again  throwing  off  other  ridges,  so 
that  the  whole  of  the  central  part  of  the  island  resembles  more  than 
any  thing  else  a  huge  table-cloth  crumpled  up  into  elevations  and 
intervening  depressions.  Around  the  coast  are  flattened  areas  of 
varying  size,  and  upon  the  extent  of  these  and  the  number  of  rivers 
depends  to  a  large  degree  the  prevalence  of  malaria.  (See  Table  I). 
The  parish  of  Manchester,  for  example,  with  a  total  area  of  302  square 
miles,  has  only  42  miles  below  1,000  feet,  the  mountain  ridges 
extending  for  the  most  part  right  down  to  the  coastline.  St.  Ann,  too, 
with  476  square  miles,  has  only  85  below  i,ooo  feet.  On  the  other 
hand,  St.  Thomas,  one  of  the  most  malarious  parishes  in  the  Island, 
has  135  square  miles  out  of  274  under  1,000  feet. 

The  mountains  reach  a  considerable  height,  the  highest  being  the 
Blue  Mountain  Peak,  7,360  feet  high,  while  Sir  John’s  Peak  is  6,100, 
Portland  Gap  5,569,  Catherine’s  Peak  5>036,  Morce’s  Gap  4,945>  ^^6 
many  are  over  3,000  feet. 


Jamaica  for  the  most  part  abounds  in  rivers  and  springs,  though 
some  parts  of  the  western  and  midland  districts  are  more  or  less 
destitute  of  water.  St.  Ann  and  Trelawny,  for  example,  have  no 
streams  of  any  importance  over  the  greater  part  of  their  area,  and 
these  parishes  are  among  the  least  malarious.  On  the  other  hand, 
St.  Thomas,  Portland  and  St.  Mary  are  well  watered,  having  numerous 
large  rivers  which  rush  precipitously  down  from  the  mountains  and 
spread  out  into  broad  shallow  streams  with  swampy  margins  at  their 
entrance  into  the  sea.  During  the  dry  season  many  of  these  rivers 
form  comparatively  shallow,  fordable  streams,  but  owing  to  the 
shortness  of  their  courses  and  the  rapidity  with  which  they  descend 
from  the  hills,  they  are  liable  to  sudden  floods,  and  in  a  few  minutes 
a  peaceful  stream  is  transformed  into  a  dangerous  raging  torrent. 
This  is  well  seen  in  the  Yallah’s  district,  where  the  river  spreads  out 
into  a  series  of  shallow  mouths  communicating  with  swampy  grass- 
grown  pools  extending  over  a  large  area. 

The  mean  rainfall  for  the  wTole  Island  from  1880  to  igo6  was 
/6-g  inches,  but  the  rainfall  varies  greatly  in  different  parts, 
being  greatest  in  the  north-eastern  division,  where  the  annual 
rainfall  is  frequently  over  1 00  inches.  The  driest  months  of  the  year 
appear  to  be  January,  February  and  March,  while  the  greatest  rainfall 
occurs  in  May,  June  and  October.  (See  Tables  II  and  III).* 

The  mean  temperature  varies  according  to  elevation.  In  Kingston 
the  mean  temperature  for  eighteen  years  was  while  in  the 

mountains  the  temperature  falls  as  low  as  45°. 

As  the  mountains  are  inhabited  to  a  considerable  height,  it  is  thus 
possible  to  obtain  a  very  large  variety  and  range  of  climate,  and  in 
the  upper  parts  it  may  be  described  as  ideal. 

Table  IV*  shows  the  average  annual  temperature  at  different 
elevations. 


IV.  GENERAL  HISTORY  OF  MALARIA 

For  the  benefit  of  those  who  are  unfamiliar  with  the  history  of 
Malaria,  a  brief  sketch  of  the  principal  facts  may  be  of  advantage. 

Malaria  is  a  disease  which  has  been  recognised  for  many  centuries 
and  was  known  to  the  ancients  as  Marsh  Fever,  owing  to  its  general 


*  Meteorology  of  Jamaica,  by  Marshall  Hall. 
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association  with  swampy  ground,  but  until  comparatively  recent  years 
nothing  was  known  as  to  its  causation.  It  has  been  attributed  to 
many  things — to  the  bad  air  or  miasmata  emanating  from  swamps 
(hence  the  name  Mai  Aria),  to  animalculae,  inhaled  from  the  air  of 
swamps,  to  small  vegetable  cells,  and  to  bacilli.  But  the  relationship 
between  these  various  supposed  causes  and  malarial  fevers  was  never 
proved,  and  it  was  not  until  1880  that  the  discovery  of  the  parasite 
of  malarial  fever  was  made.  In  that  year  Dr.  Laveran,  a  young  officer 
of  the  French  army  working  in  Algeria,  discovered  in  human  blood 
a  minute  protoplasmic  body,  which  attacked  the  red  cells,  increased 
in  size,  developed  black  pigment,  and  underwent  certain  changes, 
which  were  found  to  bear  a  definite  relationship  to  the  stages  of  an 
attack  of  malarial  fever. 

Confirmation  of  these  observations  soon  came  from  different  parts 
of  the  world.  In  Italy,  India,  America,  in  fact,  in  every  locality  in 
which  malaria  existed,  observers  recognised  and  identified  similar 
bodies,  and  it  was  quite  clear  that,  at  last,  the  definite  cause  of  malaria 
had  been  determined.  But  though  many  additions  to  the  life  history 
of  the  parasite  in  the  human  body  were  made  from  time  to  time,  and 
it  was  successfully  transmitted  from  one  individual  to  another,  by 
means  of  injections  of  blood,  for  many  years  the  method  of  its 
entrance  into  the  human  body  was  unknown.  It  was  evident  that  it 
was  not  infectious,  that  is  to  say,  it  was  not  communicable  directly 
from  one  individual  to  another  by  contact  or  proximity.  It  was 
thought  that  possibly  the  protozoal  organisms  lived  in  the  water  or 
soil  of  marshes,  that  they  bred  there,  developed  some  form  which  was 
capable  of  aerial  transmission  and  gained  admission  to  the  human 
body  by  inhalation.  Others  thought  that  drinking  water  was  the 
medium  of  infection,  but  no  proof  was  forthcoming  of  these  theories, 
nor  was  it  found  possible  to  isolate  any  similar  organisms  in  the  soil, 
water  or  air  of  marshes. 

In  1895,  however.  Professor  Ronald  Ross,  then  a  medical  officer 
of  the  Indian  Army,  now  of  the  Liverpool  School  of  Tropical 
Medicine,  began  an  experimental  study  of  a  hypothesis  which  had 
been  suggested,  but  which,  up  to  that  time,  had  been  purely  specu¬ 
lative,  namely,  that  the  mosquito  was  possibly  the  agent  by  which 
malaria  was  transmitted  from  individual  to  individual ;  and  by  a  series 
of  painstaking  and  brilliant  researches,  he  succeeded  in  demonstrating 


that  the  malarial  parasite  in  man  was  taken  up  by  a  special  variety 
of  mosquito  belonging  to  the  sub-family  Anophelinae,  and  that  it 
underwent  a  series  of  definite  developments  in  the  body  of  the 
mosquito,  culminating  in  the  formation  of  small  thread-like  bodies, 
which  collected  in  the  salivary  glands,  and  were  finally  injected  along 
with  the  salivary  juices  into  the  human  host,  there  to  give  rise  to  an 
attack  of  malarial  fever  similar  to  that  in  the  original  human  host, 
and  characterised  by  identical  parasites. 

These  results  were  very  soon  confirmed  by  other  observers  in 
Italy  and  elsewhere,  and  some  striking  experimental  demonstrations 
of  the  truth  of  this  '  theory  ’  were  given.  A  number  of  Anopheline 
mosquitoes  were  fed  on  a  patient  in  Rome  infected  with  a  mild 
variety  of  malarial  fever,  and  were  forwarded  to  London,  where  a 
volunteer,  the  son  of  Sir  P.  Manson,  submitted  himself  to  the  bites 
of  the  infected  mosquitoes,  with  the  result  that,  although  living  in  a 
locality  where  endemic  malaria  is  now  unknown,  and  without  having 
lived  in  any  other  malarious  locality,  he  developed  a  typical  attack  of 
malarial  fever,  and  parasites,  similar  to  those  in  the  original  patient, 
were  identified  in  the  peripheral  blood.  This  experiment  has  been 
repeated  more  than  once  elsewhere. 

Further,  Doctors  Low  and  Sambon,  living  in  a  mosquito-proof 
house,  in  the  Roman  Campagna,  at  the  most  malarious  season  of  the 
year,  remained  free  from  malaria,  while  all  around  malaria  was 
rampant  among  the  natives  ;  and  that,  without  any  other  precaution 
than  that  of  remaining  within  the  mosquito-proof  house  from  sunset 
to  sunrise,  the  hours  during  which  the  Anopheline  mosquito  (whose 
habits  are  mainly  nocturnal)  came  out  in  quest  of  food. 

It  was  evident,  then,  that  an  enormous  step  in  advance  had  been 
made.  It  had  been  found  that  the  principal  (and  up  to  the  present 
the  only)  method  by  which  malaria  is  transmitted  from  individual  to 
individual  is  by  means  of  a  particular  species  of  mosquito  ;  and  the 
means  of  diminishing,  and  in  some  instances  of  actually  eradicating, 
this  terrible  scourge,  which  for  centuries  has  devastated  the  tropical 
parts  of  the  globe  and  has  rendered  so  many  localities  practically 
uninhabitable,  was  plainly  indicated. 

But  the  attention  which  had  been  drawn  to  the  role  played  by 
mosquitoes  in  the  transmission  of  malaria,  had  suggested  the 
possibility  of  other  tropical  diseases  being  carried  in  the  same  way. 


and  it  was  eventually  proved  that  F  ilaria,  a  blood  worm  said  to  cause 
Elephantiasis,  whose  life  history  in  the  mosquito  had  been  fully 
worked  out  by  Sir  P.  Manson  twenty  years  before,  obtained  an 
entrance  to  the  human  body  through  the  proboscis  of  the  mosquito, 
while  the  brilliant  work  of  American  observers  in  Cuba  showed  that 
Yellow  Fever  was  transmitted  by  means  of  another  species  of 
mosquito,  namely,  the  Stegomyia. 

The  importance  therefore  of  the  mosquito  as  a  disease-trans 
mitting  agency,  and  the  necessity  for  its  reduction  and,  if  possible, 
its  complete  extermination,  has  been  clearly  demonstrated. 

V.  THE  NATURE  OF  MALARIA 

i  have  referred  incidentally  to  the  parasitic  nature  of  Malaria, 
but  for  the  benefit  of  the  laity  I  may  outline  briefly  the  life  history  of 
the  parasite,  its  mode  of  propagation  and  method  of  transmission, 
and  1  shall  confine  myself  to  facts  which  are  universally  recognised 
by  the  medical  and  scientific  world  and  accepted  by  them  as  being 
definitely  proved. 

Malaria  is  caused  by  the  admission  into  the  blood,  by  means  of 
a  mosquito,  and  so  far  as  we  know  by  that  means  only,  of  a  minute 
parasite.  If  we  examine,  microscopically,  the  blood  of  an  individual 
suffering  from  an  attack,  we  observe,  in  certain  of  the  red  blood  cells, 
a  minute  speck  of  protoplasm,  very  often  associated  with  small 
granules  of  black  or  dark  brown  pigment.  These  parasites  gradually 
increase  in  size  until  eventually  they  involve  the  whole  of  the  red 
blood  cells.  By  this  time,  the  purasite  has  undergone  a  process  of 
division  or  segmentation,  and  consists  of  a  body  containing  a  number 
of  rounded  spores.  Finally  the  body  bursts  and  the  spores  are  set 
free  in  the  liquid  of  the  blood,  where  they  eventually  attack  a  number 
of  fresh  red  cells,  and  the  process  is  repeated  until  the  blood  gets 
largely  destroyed,  and  the  patient  dies  or,  under  proper  treatment, 
the  parasites  die  out. 

Three  forms  of  parasites  can  be  distinguished  under  the  micro¬ 
scope,  each  differing  in  the  duration  of  the  life  cycle.  The  first  takes 
three  days  to  form  spores  and  causes  Quartan  Fever,  the  second  takes 
two  days  to  sporulate  and  produces  Tertian  Fever,  while  the  third 
produces  crops  of  parasites  at  irregular  intervals  and  forms  the 
Malignant  types  of  Fever  which  are  the  most  dangerous. 
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Now,  as  the  malarial  parasite  is  unable  to  leave  the  human  body 
by  the  skin,  the  lungs,  the  bowels  and  the  kidneys,  it  is  impossible 
for  it  to  be  communicated  directly  from  one  individual  to  another, 
and  it  would  eventually  tend  to  die  out,  as  has  actually  happened 
in  many  parts  of  the  world. 

But  Nature,  which  invariably  provides  for  the  propagation  of  the 
species  under  suitable  conditions,  has  here  also  made  provision  for 
the  malarial  parasite,  and,  as  shown  by  Professor  Ross,  a  special 
species  of  mosquito,  the  Anopheles,  steps  in  as  an  intermediary. 

If  we  again  examine  the  blood,  we  find  that  certain  of  the  malarial 
parasites  do  not  follow  the  cycle  which  I  have  described  and  sporulate, 
but  form  crescentic  or  rounded  bodies  carrying  brown  pigment,  which 
are  easily  distinguished  under  the  microscope.  These  are  the  Sexual 
forms.  When  an  Anopheline  mosquito  feeds  on  an  individual  having 
these  particular  forms  in  his  blood,  it  draws  a  number  of  them  into 
its  stomach,  where  they  undergo  certain  changes,  and  under  favour¬ 
able  circumstances,  in  about  a  week,  form  threadlike  bodies  or  spores 
which  eventually  find  their  way  to  the  salivary  glands  of  the  mosquito 
situated  at  the  base  of  the  proboscis  or  trunk. 

The  mosquito  has  thus  become  ‘  infected,’  and  when  it  next  bites 
an  individual,  at  the  moment  when  it  inserts  its  proboscis,  it  injects 
some  of  the  salivary  fluid  loaded  with  spores,  which  thus  obtain 
admission  To  the  blood,  attack  the  red  cells,  and  the  cycle  in  the 
human  body  which  I  have  already  described  begins  once  more,  and 
the  individual  suffers  from  an  attack  of  Malarial  Fever.  And  thus 
the  vicious  circle  goes  on — man  to  mosquito,  mosquito  to  man. 

It  is  clear  then  that  for  the  continuance  and  spread  of  Malaria 
two  factors  are  required,  and  it  is  essential  to  recognise  the  fact  that 
there  are  two,  namely-,  (i)  an  individual  whose  blood  contains  the 
sexual  forms  of  malaria,  i.e.,  an  infected  individual ;  and  (2)  a 
species  of  mosquito,  the  Anopheline,  which  in  its  turn  must  also 
become  infected,  i.e.  an  infected  mosquito.  Do  away  with  one  or 
other  or  both  of  these  factors  and  Malaria  instantly  disappears. 

If  we  have  no  infected  individuals,  it  does  not  matter  how  many 
Anophelines  there  are  in  a  locality,  they  cannot  become  infected,  and 
consequently  cannot  carry  malaria ;  and  conversely,  if  there  are  no 
Anophelines,  it  is  immaterial  how  many  infected  individuals  may  be 
introduced  into  a  locality,  the  disease  cannot  be  transmitted  and  must 
inevitably  die  out. 
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And  that  being  the  case,  it  is  equally  clear,  as  I  shall  show 
directly,  that  in  a  locality  where  Malaria  is  prevalent,  preventive 
measures  against  the  disease  must  be  directed  against  either  of  these 
factors,  or,  better  still,  against  both. 

VI.  THE  ANOPHELINE  MOSQUITO 

1  have  mentioned  that  Malaria  can  only  be  transmitted  by  means 
of  a  particular  species  of  mosquito,  the  Anophelines,  and  experiments 
carefully  carried  out  in  many  parts  of  the  world  with  the  object  of 
growing  the  malarial  parasites  in  other  varieties  of  mosquito  have 
invariably  been  unsuccessful,  so  that  we  may  take  it  as  proved  that 
the  Anopheline  is  the  only  means  by  which  Alalaria  is  transmitted. 
This  fact  naturally  is  of  very  great  assistance  in  our  campaign  against 
Malaria,  for  the  Anopheline  has  special  habits,  special  characteristics, 
and  selects  special  conditions  for  breeding  and  growth,  so  that  it  is 
advisable  that  we  should  be  familiar  with  these. 

The  life  history  of  an  Anopheles  Mosquito,  as  of  other  insects, 
consists  of  four  stages  :  — 

1.  First  of  all,  the  adult  female  lays  its  Eggs  in  water  or  near  it, 
and  in  warm  weather  these  hatch  out  in  a  day  or  two  to  form 

2.  The  Larvae,  short,  wriggling  bodies,  which  are  familiar  to 
everyone  as  occurring  in  standing  water.  They  are  provided  with 
breathing  apertures,  and  it  is  important  to  remember  that  they  must 
come  to  the  surface  to  breathe.  The  larvae  of  the  Anopheline  Mosquito 
may  be  recognised  by  the  fact  that,  when  in  repose,  they  lie  fat  under 
the  surface  of  the  water,  while  the  larvae  of  Culex  and  Stegomyia 
hang  head  downwards,  with  their  tails  and  breathing  tubes  on  the 
surface. 

3.,  After  about  a  week  the  Pupa  is  formed,  a  shorter  body  with  a 
large  head,  which  also  has  to  come  to  the  surface  to  breathe. 

4.  Finally,  in  two  or  three  days  the  pupa  develops  into  the  adult 
Anopheline.  The  latter,  when  at  rest,  can  generally  be  distinguished 
by  their  characteristic  attitude.  While  the  ordinary  mosquito  stands 
with  its  body  parallel  to  the  wall,  the  Anopheline  rests  with  its  body 
in  the  air,  and  its  head  and  trunk  as  if  boring  down  into  the  wall.  It 
is  important  to  note  also  that  the  habits  of  the  Anophelines  are  mainly 
nocturnal — it  comes  out  as  a  rule  at  dusk,  and  retires  at  sunrise.  It 
is  principally  dangerous,  therefore,  for  a  limited  number  of  hours. 


The  Anopheline  Adosquito  breeds  in  shallow  still  water  or  sluggish 
slowly-flowing  streams,  and  especially  where  it  is  weed  or  grass- 
grown  or  contains  green  algae  at  the  bottom.  This  is  very  important 
to  remember.  .Thus  the  larvae  will  be  found  in  shallow  ditches, 
grass-grown  edges  of  ponds,  the  shallow  margins  of  streams,  badly 
kept  irrigation  canals,  and  so  on.  It  is  rarely  found  in  deep  water 
clear  of  weeds.  On  the  other  hand,  the  Stegomyia  or  Yellow  Fever 
mosquito  breeds  in  old  vessels,  broken  bottles,  barrels,  and,  in  fact, 
in  anything  which  will  hold  water. 

The  local  conditions  in  Jamaica  under  which  I  have  found  the 
larvae  of  the  Anopheline  mosquito  may  be  classified  as  follows .-  — 

I.  Along  the  course  and  at  the  mouths  of  Rivers.  As  already 
mentioned,  these  spread  out  at  their  entrance  into  the  sea  so  as  to 
form  swamps  and  shallow  pools,  all  of  which  are  more  or  less  grass 
and  weed-grown.  This  is  well  seen  at  Annotto  Bay,  where  there  are 
no  less  than  three  large  swamps,  formed  by  the  two  rivers  which 
enter  the  sea  at  that  place,  and  one  of  these,  situated  right  in  the 
centre  of  the  town,  of  which  a  photograph  will  be  found  in  the 
appendix,  is  a  typical  Anopheline  breeding  pool.  Some  of  these 
swamps  and  pools  are  almost  on  the  same  level  as  the  sea,  and  are 
formed  by  the  sea  banking  up  the  sand,  and  thus  preventing  the 
outflow  of  the  water.  These  conditions  will  be  found  the  most 
difficult  to  deal  with  and  improve.  It  is  interesting  to  note  that 
mangrove  swamps  do  not  breed  Anophelines,  and  I  once  found  a 
curious  condition  along  a  road — at  one  side  a  mangrove  swamp  free 
from  Anophelines,  and  at  the  other  side  a  grass-grown  swamp  with 
numerous  larvae.  Larvae  will  breed  in  slightly  brackish  water,  but 
very  rarely  in  water  that  is  tidal  or  contains  more  than  a  certain 
proportion  of  salt. 

In  the  valleys,  along  the  courses  of  the  rivers,  where  they  spread 
out,  and  the  stream  becomes  shallow  and  sluggish,  similar  conditions 
may  be  found,  but  wherever  the  course  of  the  stream  is  rapid  and 
deep,  Anophelines  are  not  to  be  discovered. 

Occasionally,  after  floods,  the  depressions  in  the  surrounding  flat 
country  become  filled  up  with  water  and  form  suitable  breeding  places 
for  mosquitoes.  These  are  not  important  unless  in  the  immediate 
vicinity  of  towns  and  villages. 
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2.  i  he  shallow  grass-gTown  Ditches  along  the  sides  of  the  country 
roads,  and  the  earthen  gutters  at  the  sides  of  streets  in  the  towns 
are  also  breeding  places.  Where  the  surface  drains  in  the  towns  are 
cemented,  Anopheline  larvae  are  not  to  be  found. 

3.  Then,  scattered  about  the  country,  there  are  a  number  of 
larger  Ponds  which  are  formed  by  surface  drainage,  and  are  chiefly 
used  for  watering  cattle,  and  in  certain  localities,  where  water  is 
scarce,  as  the  water  supply  of  a  village.  The  margins  of  these  are 
invariably  grass-grown  and  full  of  Anopheline  larvae.  In  Great 
Pedro  Bay,  where  malaria  is  rife,  these  are  the  only  sources  of  the 
Anophelines. 

4.  Larvae  may  also  be  found  in  the  occasional  Pools  formed  in 
depressions  by  rain,  and  I  have  even  found  them  in  the  old  hoof- 
marks  of  cattle  when  left  undisturbed  for  some  time. 

5.  Anopheline  larvae  are  bred  occasionally  in  W ells,  especially  if 
not  very  deep,  and  I  have  found  them,  but  very  rarely,  in  barrels  and 
tanks  used  for  the  storage  of  water,  but  the  latter  are  a  fertile  source 
of  the  yellow  fever  mosquito,  the  Stegomyia. 

These  may  be  taken  to  be  the  principal  natural  haunts  of  the 
Anopheline  larvae,  but  there  are  other  breeding  grounds  which  are- 
artificial  and  are  the  direct  results  of  the  methods  of  agriculture  in 
the  Island 

6.  In  the  banana  plantations  in  the  northern  part  of  the  Island, 
where,  I  am  informed,  the  soil  is  very  heavy,  deep  drainage  is 
required  for  successful  cultivation.  Consequently  trenching  has  to 
be  extensively  carried  out,  and  along  these  Trenches  a  small  trickle  of 
water  is  generally  to  be  found.  Now,  it  was  very  interesting  to  me 
to  observe  that,  wherever  I  found  trenches  clean  and  free  from  weeds, 
with  a  smooth  bottom  and  an  even  gradient  so  that  no  pools  could 
form,  no  Anopheline  larvae  were  to  be  detected ;  but  as  certainly  as  I 
found  a  grass-grown  trench  with  pools  of  water,  so  surely  could  larvae 
be  discovered.  And  a  well-known  planter  remarked  to  me  that  clean 
trenches  meant  good  cultivation,  so  that  what  is  good  for  the  bananas 
is  bad  for  the  Anophelines. 

7.  In  the  southern  and  western  parts  of  the  Island,  where  the 
rainfall  is  much  less,  different  conditions  obtain.  Here  both  in  banana 
plantations  and  on  some  sugar  estates,  instead  of  drainage,  irrigation 
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is  required,  and  the  smaller  Ir rigation  Canals,  when  not  kept  clean, 
were  found  to  be  a  fruitful  source  of  Anophelines. 

I  may  summarise,  then,  the  principal  breeding  places  in  the 
Island  ;  — 

1.  Swamps  and  pools  in  connection  with  rivers. 

2.  Shallow  ditches  and  gutters. 

3.  Ponds  caused  by  surface  drainage. 

4.  Accidental  and  temporary  pools. 

5.  Wells  occasionally. 

6.  Drainage  trenches- 

7.  Irrigation  canals. 

It  was  impossible  for  me  in  the  limited  time  at  my  disposal  to 
make  anything  like  a  complete  survey  of  the  various  breeding  places 
of  Anophelines  in  different  localities,  but  this  has  been  done  to  some 
extent  by  Dr.  Grabham,  whose  brilliant  work  on  the  mosquitoes  in 
Jamaica  is  so  well  known,  but  it  is  very  important  that  a  general 
survey  of  the  Island  should  be  made,  and  the  various  breeding  places 
mapped  out.  For  this  and  other  purposes  every  Tropical  Govern¬ 
ment  should  possess  an  Entomologist. 

I  also  found  it  impossible  to  attempt  anything  like  a  collection  of 
mosquitoes  ;  but  the  following  remarks,  kindly  supplied  for  this  paper 
by  Mr.  Newstead,  Lecturer  on  Entomology  to  the  School  of  Tropical 
Medicine,  include  a  list  of  the  principal  species  of  Anophelines  and 
other  disease-bearing  mosquitoes  :  — 

‘  In  January,  1905,  the  total  known  species  of  Jamaican  mosquitoes 
'  was  twenty-five.  Theobald*'  gives  descriptions  of  all  these  together 
'  with  synoptic  tables  of  the  sub-families,  genera,  and  species  ;  and 
‘  valuable  data,  contributed  by  Dr.  Grabham,  on  the  life-history  and 
‘  breeding  places  of  these  insects.  Since  the  publication  of  this  useful 
‘  memoir  seventeen  additional  species  have  been  added  to  the  list 
‘  by  Dr.  Grabham,  so  that  the  total  number  of  species  now  recorded 
‘  for  Jamaica  is  forty-two.  Little  attention  was  given  to  the  Culicidae 
'  of  the  Island  by  the  writer,  as  it  was  found  altogether  unnecessary  to 
‘  do  so  owing  to  the  extensive  investigations  which  Dr.  Grabham  has 
‘  so  ably  conducted  during  the  last  ten  years  or  so.  This  authority 
‘  is  now  in  possession  of  valuable  data  concerning  the  bionomics  of 


*  The  Mosquitoes  of  Jamaica.  Inst.,  Jamaica,  Date  Tree  Hall,  1006,  p]r,  1-40, 
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‘  the  J  amaican  mosquitoes,  a  great  deal  of  which  is  new  and  note- 
‘  worthy,  and  it  is  to  be  hoped  that  he  will  see  his  way,  shortly,  to 
‘  publish  the  results  of  his  investigations  so  that  students  and  medical 
‘  authorities  may  be  in  possession  of  facts,  which  would  be 
‘  indispensable  in  malarial  and  yellow  fever  prophylaxis.  What  is 
‘  most  needed  at  the  present  moment  is  a  map  showing  the  distribution 
‘  and  breeding  places  of  the  Anophelines  and  Stegoniyia  calofus 
'  {=  fasciala),  especially  in  those  areas  in  which  the  towns  and 
‘  important  villages  are  situated. 

‘  The  Anophelines  are  represented  by  four  genera  and  five  species, 

‘  of  which  the  following  is  a  list,  with  the  principal  localities  attached  : 

‘  Anopheles  punctipennis,  Say.  Port  Antonio  is  the  only  locality 
'  given  for  this  mosquito. 

‘  Cycloleppteron  grabhamii,  Theob.  Lignanea  Plain  and  Kingston. 

‘  Arribalzagia  maculipes,  Theob.  Port  Antonio  and  Morant  Bay. 

^  Cellia  albipes^  Theob.  Kingston,  the  Ferry  and  Rockfort  Swamps, 
‘  Lignanea  Plain,  Bath,  Bowden,  Annotto  Bay,  Port 
‘  Antonio,  Bluefields,  Castleton  and  Spaldings. 

‘  This  is  apparently  the  most  abundant  Anopheline 
‘  of  the  Island,  and  is  said  to  act  as  the  intermediary  host 
‘  of  malignant  malaria  and  also  of  Filaria  bancrofti.* 

'  Cellia  argyrotarsis,  Desv.  Kingston  only;  and,  according  to 
‘  Theobald,  is  uncommon,  but  “  acts  as  the  transmitting 
‘  agent  of  the  blood  worm  Filaria  nocturnal 
‘  Stegomyia  calopus  (=  fasciatd).  Theobald  (loc.  cit.)  says  that  it  is 
‘  “  a  common  insect  in  Jamaica.”  It  was  certainly  the 
‘  most  prevalent  species  met  with  by  the  writer,  and 
‘  seems  to  be  widely  distributed  in  all  suitable  localities  ; 

‘  the  greatest  number  of  larvae  met  with  was  at  Stony 
‘  Hill  in  the  parish  of  St.  Andrew.' 

Malaria  and  Muskeetos  130  Years  Ago 

Before  leaving  this  part  of  the  subject,  I  am  sure  that  the  people 
of  Jamaica  will  be  interested  to  learn  that  so  far  back  as  1/74  the 
association  of  mosquitoes  with  unhealthiness  in  Jamaica  was 
recognised,  though  the  actual  causal  relationship  between  the  two  was 


*  Theobald,  Ibid.  p.  17. 
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not  appreciated.  In  looking  over  a  very  old  history  of  Jamaica,  in 
three  volumes,  published  by  T.  Lowndes  in  1774,  a  hundred  and 
thirty-five  years  ago,  written  by  one  Edward  Long,  though  his  name 
does  not  appear  on  the  title  page,  the  following  passages  occur  :  — 

'  In  the  West  Indies  such  low  swampy  places  are  still  more  fatal, 

‘  and  they  are  infected  with  muskeetos  which  seem  as  if  placed  there 
‘  by  the  hand  of  Providence  to  assault  with  their  sting  and  drive  away 
‘  every  human  being  who  may  ignorantly  venture  to  fix  his  abode 
‘  among  them.  It  is  most  dangerous  to  pass  the  night  in  such  places, 

‘  and  it  is  at  such  times  that  these  insects  collect  in  swarms  and  make 
‘  war  on  every  daring  intruder.  .  .  .  Such  places  in  Jamaica  are 

‘  to  be  deemed  unfit  for  habitation.’ 

And,  later  on,  the  author  again  remarks  :  — 

‘  It  has  been  observed  that  muskeetos  are  intolerably  numerous  in 
‘  those  places  in  the  West  Indies  which  are  least  adapted  to  human 
‘  habitation.  They  are  found  in  the  greatest  swarms  among  lagoons 
‘  and  swamps  on  the  sea  coast,  and  in  little  creeks  sheltered  with 
‘  mangrove  trees ;  in  gullies  which  contain  any  stagnant  water,  in 
‘  puddles  in  the  flat  country  after  the  rainy  seasons,  and  in  river 
‘  courses  after  the  dry  weather,  where  the  water  rests  in  detached 
‘  hollows  and  becomes  corrupted  from  the  fermentation  of  aquatic 
‘  weeds  and  subsided  scum.  Sometimes  I  have  known  them  driven 
‘  from  their  skulking  holes  by  the  violence  of  strong  sea  breezes  to  a 
‘  considerable  distance  up  the  country ;  but  in  general  among  the 
'  mountains  they  are  scarce,  very  diminutive  and  feeble.  They  are 
‘  principally  troublesome  and  in  swarms  after  the  periodical  rains, 
‘  when  the  lowlands  are  drenched  with  water  and  full  of  little 
‘  puddles,  where  these  insects  deposit  their  eggs  and  multiply  and 

'  breed . These  insects  cannot  exist  long  nor  propagate 

‘  their  species  well  without  stagnant  water.  Dry  weather,  dry 
‘  exposure,  and  a  cool  air  are  equally  obnoxious  to  them ;  their 
‘  favourite  haunts,  therefore,  and  such  as  seem  most  to  promote  their 
‘  multiplication,  are  to  be  rejected  as  the  least  fit  (in  proportion)  for 
'  mankind  to  inhabit,  at  least  during  those  months  of  the  year  when 
‘  they  appear  most  vigorous  and  numerous.’ 

Our  old-world  author  has  mentioned  nearly  every  place  where 
Anophelines  are  now  known  to  breed,  and  came  very  near  anticipating 
the  mosquito  causation  of  malaria ! 
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VII.  MALARIA  IN  JAMAICA 

Type  of  fever.  The  clinical  types  of  malaria  which  exist  in 
Jamaica  are  the  same  as  are  found  elsewhere,  but  so  far  as  my  short 
experience  showed  me,  they  are,  on  the  whole,  of  a  milder  character 
than  those  with  which  I  have  come  in  contact  on  the  West  Coast  of 
Africa  and  in  Mauritius.  But  the  severe  types  are  by  no  means 
infrequent ;  there  was  one  death  from  undoubted  Blackwater  Fever 
while  I  was  on  the  Island,  and  I  obtained  the  history  of  several  others. 
Bilious  Remittent  attacks  are  also  not  uncommon. 

I  examined  a  number  of  blood  films  taken  during  acute  attacks 
and  identified  both  the  parasites  of  the  malignant  tertian  (aestivo- 
autumnal  of  the  Italians)  and  of  benign  tertian.  I  was  unable  to  make 
a  systematic  examination  of  a  sufficient  number  of  the  films  to  come 
to  any  conclusion  as  to  the  proportion  of  the  different  parasites,  but 
I  have  to  thank  Dr.  Neish,  the  Medical  Superintendent  of  the  Leper 
Asylum,  who  has  made  special  investigations  into  this  subject,  for 
his  kindness  in  placing  his  figures  at  my  disposal. 

He  states :  '  I  have  examined  over  2,000  blood  films.  Up  to 

‘  1905,  I  have  classified  these; — the  number  was  1,636,  resulting  as 
‘  follows  :  — 

570  Benign  Tertian  72  Double  Infections. 

384  Aestivo-Autumnal 
79  Mixed 
1 5  Quartan 

588  Negative 


1,636 

'  All  the  cases  were  fever  and  as  far  as  could  be  ascertained  had 
‘  not  had  any  quinine.  A  large  proportion  of  the  negative  cases  had 
‘  well  marked  simple  tertian  symptoms,  but  there  were  no  parasites  in 
‘  the  peripheral  blood. 

‘  The  benign  tertian  predominates  after  the  October  rains,  the 
‘  aestivo-autumnal  during  June,  July  and  August. 

It  is  interesting  to  observe  the  considerable  pioportion  of  the 
malignant  infections,  in  view  of  the  fact  which  I  have  mentioned, 
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that  the  clinical  types  are  undoubtedly  milder,  and  it  is  an  interesting 
speculation  whether  parasites  having  the  same  morphological 
characteristics  do  not  exhibit  in  different  countries  different  strains  of 
virulence.  It  is  also  probable  that  climate  and  other  surroundings 
affect  the  malignancy  of  the  attacks,  as  is  seen  m  cases  coming  to 
England  from  West  Africa. 


Prevalence  of  Malaria 
Cjeneral  and  Malarial  Death-rates. 

Before  discussing  the  question  of  anti-malarial  measures,  it  will 
be  necessary  to  endeavour  to  arrive  in  some  way  at  the  degree  of 
prevalence  of  malaria,  and  the  extent  to  which  it  affects  not  only  the 
death-rate,  but  the  general  health  and  efficiency  of  the  population,  and 
for  the  purpose  I  have  prepared  a  Table  (V)  showing  the  total  death- 
rate  from  all  causes  for  each  parish  in  the  Island,  the  total  death-rate 
from  malaria,  and  the  percentage  of  malarial  deaths  to  deaths  from 
all  causes  for  the  ten  years  ending  30th  April,  1907  ;  and  I  have  here 
to  acknowledge  my  indebtedness  to  the  Registrar-General  for  his 
kindness  in  supplying  me  with  the  figures  on  which  this  table  is 
based.  I  had  hoped  to  construct  a  similar  table  with  reference  to 
the  principal  towns  of  the  Island  so  as  to  arrive  at  the  malarial 
death-rate  of  those  places,  which  is  very  important,  because  the 
greater  number  of  the  important  centres  of  population  are  situated 
on  the  coastline  which  is  the  most  malarious,  and  it  would  most 
certainly  have  been  found  that  the  general  malarial  death  rate  of  a 
parish  is  much  influenced  by  the  inclusion  of  those  towns.  But, 
unfortunately,  the  records  do  not  appear  to  be  kept  in  such  a  form  as 
to  render  the  figures  for  the  principal  towns  readily  available. 

And  the  configuration  of  the  parishes  must  also  be  borne  in  mind. 
Without  exception  each  parish  reaches  to  the  sea,  and  has  a 
considerable  coastline,  the  inland  part  stretching  well  back  into  the 
interior  of  the  Island,  and  being  more  or  less  mountainous.  There 
are  no  parishes  entirely  inland.  Had  it  been  possible  to  draw  a  line 
round  a  considerable  portion  of  the  interior  it  would  certainly  have 
been  found  that  large  tracts  of  the  higher  parts  of  the  Island  are 
practically  free  from  malaria,  and  that  the  high  malarial  death-rate 


ill  certain  parishes  is  due  to  a  comparatively  limited  number  of  what 
may  be  termed  plague  spots,  where  malaria  is  rife ;  and  this 
information  would  facilitate  very  much  the  application  of  the 
anti-malarial  measures  with  which  I  shall  deal  presently.  But  I  hope 
to  arrive  at  this  by  another  method. 

Before  considering  the  table,  it  is  necessary  for  me  to  point  out 
one  or  two  sources  of  error.  In  the  first  place,  no  census  has  been 
taken  since  1891,  owing  to  financial  reasons,  and,  as  the  Registrar- 
General  rightly  points  out,  the  figures  relating  to  population  must  be 
taken  as  approximate  and  subject  to  correction  at  the  next  census, 
which  I  trust  will  be  taken  in  1911.  I  ought  also  to  mention  that  the 
slight  discrepancy  which  may  be  observed  between  the  Registrar- 
General’s  figures  of  the  total  death-rate  and  those  given  by  myself 
are  due  to  the  fact  that  I  have  calculated  the  death-rate  on  the 
estimated  population  for  the  whole  year,  while  he  has  taken  the  mean 
population  calculated  to  the  middle  of  the  year. 

There  is  another  source  of  error  which  must  be  remembered  so 
far  as  the  malarial  death-rate  is  concerned,  and  that  is  that  a  very 
large  proportion  of  the  deaths,  more  especially  in  the  outlying  parts 
of  a  parish  are  uncertified,  and  consequently  a  number  of  deaths  which 
are  registered  as  being  due  to  ‘  fever  ’  may  be  unconnected  with 
malaria.  Any  illness  associated  with  a  rise  of  temperature,  no  matter 
what  the  cause,  is  invariably  spoken  of  by  the  uneducated  native  as 
‘  fever  ’  and  registered  accordingly. 

So  that  possibly  a  more  accurate  diagnosis  might  m  some  cases 
tend  to  reduce  the  malarial  death-rate.  On  the  other  hand  a  number 
of  complaints  are  complicated  by  malaria,  which  may  be  fatal,  though 
the  death  is  returned  under  the  original  head,  so  that  this  neutralises 
to  some  extent  the  other  factor.  And,  further,  the  error  is  a  constant 
one.  It  will  probably  occur  to  the  same  extent  all  over  the  Island  and 
in  different  years,  so  that  for  practical  purposes  it  will  afford  a  very 
fair  standard  for  comparison. 

The  table  is  one  of  extreme  interest,  and  from  it  I  have  calculated 
the  mean  death-rates  for  the  decennium  1898  to  1907,  which  for 
facility  of  reference  I  give  below,  but  I  would  recommend  the  serious 
study  of  the  large  table  to  those  who  are  interested  in  the  health  and 
sanitary  condition  of  their  respective  parishes. 
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Average  death-rates,  etc.,  for  decennium  ending  30  April,  1907 


Parish 

Average  death- 
rate  from 
Malaria 

Average  death- 
rate  from 
Other  causes 

Average  death- 
rate  from 

All  causes 

Average  percen¬ 
tage  of  Malarial 
deaths  to 

Total  deaths 

St.  Thomas  . 

6-5 

i8-5 

25-0 

26- T 

St.  Catherine  . . 

6*2 

19-4 

25-6 

24-4 

Westmoreland  . 

5-9 

15-8 

217 

277 

St.  Mary  . 

5-9 

i8-o 

23-9 

24-6 

Clarendon  . 

5-3 

15-2 

20- S 

23-8 

Portland . 

5-3 

i9'3 

24-6 

21-9 

St.  James  . 

4-8 

17-1 

21-9 

22-3 

Hanover . 

4-8 

19-5 

24-3 

19-9 

St.  Andrew . 

4-0 

239 

27-9 

i4'6 

St.  Ann  . 

3-4 

14-5 

17-9 

19-4 

Trelawny  . 

3-4 

20-8 

24-2 

14-4 

St.  Elizabeth . 

2-9 

iS'6 

18-5 

15-8 

Kingston  . 

2-4 

26-3 

287 

8*6 

Manchester . 

1-6 

14-8 

1 

16-4 

10*0  ] 

4-4 

i8-i 

22-5 

197 

It  will  be  seen  that  for  the  whole  Island  the  death-rate  per  i,ooo 
living,  for  the  ten  years  in  question  was  22-5,  by  no  means  a  high 
one,  as  compared  with  other  tropical  places.  The  death-rate 
attributed  to  malaria  is  4’4  per  1,000,  so  that  had  there  been  no 
malaria  the  death-rate  for  the  Island  would  have  been  only  i8‘i. 
The  proportion  of  deaths  attributed  to  malaria,  to  deaths  from  all 
causes,  is  197  per  cent.,  so  that  very  nearly  one-fifth  of  the  deaths 
in  the  Island  are  caused  by  Malaria. 

The  mean  death-rate  from  malaria,  4'4  per  1,000,  is  thus  by  no 
means  a  high  one  when  compared  with  other  malarious  localities,  for 
example  Mauritius,  where  Professor  Ross  found  that  the  average 
annual  death-rate  from  malaria  was  14*0  per  1,000.  But  the 
satisfaction  which  might  be  derived  from  this  statement  is  very  much 
modified  by  the  fact  to  which  I  have  already  drawn  attention,  namely, 
that  Jamaica  is  largely  a  mountainous  island,  that  in  the  higher  parts 
malaria  is  practically  non-existent,  and  consequently  if  statistics  were 
available  we  would  find  a  very  low  death-rate  from  malaria  over  the 
whole  of  the  centre  of  the  island,  and  a  high  one  in  certain  localities 
along  the  littoral. 
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That  this  is  the  case  is  brought  out  in  the  table.  Manchester, 
which  is  an  extremely  mountainous  parish  and  where  the  principal 
centres  of  population  are  for  the  most  part  situated  at  high  levels, 
shows  the  lowest  malarial  death-rate  of  all,  namely,  r6  per  i,ooo. 

On  the  other  hand,  St.  Thomas  heads  the  list  with  a  malarial 
death-rate  of  6' 5  per  1,000.  Here  the  local  conditions  are  quite 
different.  A  number  of  large  rivers,  the  Yallahs,  the  Negro,  the 
Morant,  and  the  Garden,  rush  sharply  down  from  the  Blue  Mountains 
to  spread  out  in  the  plain  below  into  broad  shallow  streams  with,  in 
many  cases,  swampy  outlets. 

And  the  other  parishes  which  show  a  considerable  malarial  death- 
rate,  St.  Catherine,  Westmoreland,  St.  Mary,  Clarendon  and  Portland, 
show  much  the  same  conditions,  a  mountainous  hinterland  with  well- 
watered  alluvial  plains  devoted  largely  to  banana  and  sugar 
cultivation. 

It  is  worthy  of  note  that  Kingston,  which  unfortunately  possesses 
the  highest  death-rate  in  the  Island,  pointing  to  general  insanitary 
conditions  apart  from  malaria,  shows  a  low  malarial  rate,  the 
proportion  of  deaths  from  malaria  being  only  8  per  cent.,  and  a 
systematic  malarial  survey  of  the  town  would  certainly  show  that 
malaria  is  limited  to  well  defined  areas.  This  immunity  is  undoubtedly 
due  to  the  lower  rainfall  and  to  the  fact  that  the  surface  drains  are 
largely  cemented,  and  it  would  be  a  comparatively  easy  matter  to 
banish  malaria  entirely  from  the  capital  of  the  Island. 

The  deaths  attributed  to  malaria  in  the  whole  island  in  1907  were 
4,094,  while  the  total  deaths  from  the  same  cause  for  the  ten  years 
was  34,695,  an  appreciable  factor  in  the  industrial  and  economic 
development  of  the  Island. 

But  the  actual  death-rate  from  malaria  does  not  represent  fully 
the  amount  of  that  disease ;  the  death-rate  will  depend  upon 
the  particular  type  of  malaria  prevalent,  and  also  upon  the 
degree  of  immunity  which  is  undoubtedly  acquired  by  a  native 
population.  They  may  suffer  to  a  large  extent  from  malaria  though 
they  do  not  die  of  it,  and  the  extent  to  which  malaria  prevails  not 
only  affects  the  general  health  and  physique  of  a  community  but 
interferes  with  its  efficiency  for  industrial  purposes  and  throws  a  very 
considerable  financial  strain  on  the  colony  of  Jamaica. 


494 


Hospital  Statistics  of  Malaria 

it  is  necessary,  therefore,  to  endeavour  to  obtain  some  idea  as  to 
its  prevalence  apart  from  actual  death,  and  this  can  be  done  by  a 
study  of  the  hospital  returns.  Dr.  Kerr,  the  Superintending  Medical 
Officer,  kindly  obtained  for  me  a  series  of  returns  from  the  various 
district  hospitals  showing  the  number  of  admissions  from  malaria  from 
the  year  1898  to  igO/.  These  are,  unfortunately,  incomplete,  one  or 
two  districts  not  having  furnished  full  returns,  but  from  the  material 
at  my  disposal  I  have  constructed  Table  VI,  which  shows  the 
admissions  to  various  hospitals  for  a  number  of  years.  Although  the 
crand  totals  would  be  considerable,  if  all  the  hospitals  were  included, 
yet  the  table  brings  out  one  very  important  fact,  that  the  admissions 
for  malaria  have  increased  very  considerably  during  the  past  few 
years,  chiefly  since  1904-5.  I  also  include  a  Table  (VII)  drawn  up 
by  Dr.  Kerr  showing  the  total  admissions  from  malaria  month  by 
month  in  all  the  public  hospitals  of  the  Colony  during  1907-8. 

The  increase  of  late  years  is  brought  out  perhaps  in  a  more  graphic 
way  111  the  following  statistics  which  I  have  extracted  from  the  Annual 
Reports  of  the  Medical  Department :  — 


Ye.tr 

Total  admis¬ 
sions  from  all 
causes 

Total 

Deaths 

Death- 
rate  per 
cent. 

Malarial 

admissions 

! 

Malarial- 

deaths 

Malarial 
death-rate 
per  cent. 

Percentage 
of  malarial 
to  total 
admissions 

1 904-05 

16,103 

669 

37 

4,827 

89 

1-8 

29.9 

1905-06 

17,856 

563 

3-1 

6,285 

88 

1-4 

35‘i 

1906-07 

21,555 

661 

3-06 

7,113 

99 

1-3 

32-9 

1 907-08 

21.837 

830 

3-8 

7,510 

I2I 

r6 

34‘3 

Total 

77,351 

2,723 

— 

25,735 

397 

— 

— 

.4verage 

19,337 

680 

3-5 

6,433 

99 

1-5 

33-2 

It  will  be  seen  that  the  total  admissions  to  the  various  hospitals 
from  all  causes  have  risen  from  16,103  in  igoMS  1^°  21,837,  an  increase 
of  over  26  per  cent.,  while  the  admissions  due  to  malaria  rose  from 
4,827  to  7,510,  an  increase  of  over  55  per  cent.  The  total  number  of 
cases  of  malaria  treated  in  the  hospitals  during  the  years  1904  to  igoS 
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was  25,735,  while  the  average  aclnnsbiuns  were  (2,433  or  33^2  per  cent, 
of  the  average  total  admissions.  That  is  to  say,  that  of  all  cases 
admitted  to  the  hospitals  of  the  Colony  one-third  are  due  to  malaria, 
and,  as  Dr.  Ritchie  of  Annotto  Bay  pointed  out  in  connection  with  his 
returns,  this  does  not  represent  the  total  amount  of  malaria,  as  a 
considerable  proportion  admitted  for  other  causes  are  complicated  with 
malaria. 

It  is  true  that  the  average  death-rate  from  malaria  in  the  hospitals, 
that  is  to  say,  the  case  mortality,  is  low  (i'5  per  cent.),  but  the 
importance  of  this  large  admission  rate  lies  not  only  in  the  loss  of 
labour,  but  in  the  great  expense  to  the  Colony.  Taking  the  figures 
from  the  Annual  Report  for  1907-8,  I  find  that  the  total  cost  of  the 
hospitals  (including  Kingston)  was  A  19,185  i8s.  7d.  But  a  third  of 
the  patients  were  admitted  for  malaria,  so  that  a  third  of  the  cost  may 
be  charged  against  them.  In  other  words,  the  cost  of  malaria  in 
1907-8  was  approximately  ^6,395,  and  this  amount  is  likely  to 
increase. 

From  this  point  of  view  alone  the  necessity  for  energetic  anti- 
malarial  measures  seems  amply  indicated. 

The  increase  appears  to  be  largely  due,  so  far  as  I  can  judge,  to 
a  rise  in  the  number  of  coolie  admissions,  and  the  hospitals  which 
show  the  largest  numbers  of  malarial  admissions  are  those  situated 
in  the  agricultural  districts  employing  a  large  number  of  coolies  and 
which  also  have  the  largest  number  of  coolie,  admissions.  In  more 
than  one  Annual  Report  expressions  like  the  following  occur :  — 
‘  Annotto  Bay  Hospital  comes  first  with  1,780,  while  Port  Antonio  runs 
a  good  second  with  1,61 1  cases,  Lionel  Town  coming  third  with  933 
cases.’  Statistics  as  to  the  number  of  coolie  admissions  to  hospital 
will  be  found  in  the  Annual  Report  of  the  S.M.O.  for  1907-8. 

And  as  most  of  the  coolies  are  indentured  and  are  under  strict 
regulations  this  is  a  factor  which,  as  I  shall  show  'when  dealing  with 
the  question' of  prevention,  it  should  be  possible  to  control  to  a  very 
considerable  extent. 

Malaria  on  Estates. 

In  order  to  obtain  an  idea  as  to  the  annual  loss  to  estate  owners 
from  sickness  among  coolies,  I  requested  Mr.  Pearce,  the  Director  of 
Immigrants,  to  be  kind  enough  to  supply  me  with  a  number  of 
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.'itatistics,  and  I  have  to  express  my  indebtedness  to  him  for  the  very 
considerable  amount  of  trouble  which  he  took  in  the  matter.  The 
labour  involved  made  it  out  of  the  question  to  attempt  to  classify  the 
whole  of  the  estates  in  the  Island,  but  a  number  of  estates  in  different 
districts  were  selected  by  me  entirely  at  random,  without  any  personal 
knowledge  of  them,  some  being  banana  plantations  and  others  sugar 
estates,  and  I  presume  they  represent  a  fair  average. 

The  return  included  females,  but  I  have  only  taken  into  account 
the  male  indentured  coolies. 

Although  a  very  accurate  record  is  kept  of  the  total  number  of  days 
spent  in  hospital,  no  record  is  kept  on  the  estates  of  the  nature  of  the 
illness,  although  this  might  be  obtained,  with  a  great  deal  of  labour, 
by  extracting  the  information  from  the  hospital  records.  I  would 
venture  to  suggest  that  each  estate  should  keep  a  record  of  the  nature 
of  the  illness  for  which  a  coolie  is  sent  to  hospital,  and  this  could  be 
done  by  a  simple  return  to  be  furnished  to  the  estate  by  the  District 
Medical  Officer.  It  would  be  of  extreme  value  in  arrivinp-  at  a 

o 

knowledge  of  the  prevalence  of  any  disease  on  a  particular  estate, 
and  for  the  purpose  of  indicating  the  remedial  measures  necessary. 

But  though  the  number  of  days  lost  through  malaria  are  not 
specifically  shown,  I  think  I  shall  be  under-estimating  it  if  I  put  it  at 
50  per  cent,  of  the  total  illness  among  coolies  ;  in  some  places  it  is 
certainly  much  more. 

I  have  in  Table  VIII  condensed  the  information  supplied  by  the 
Director  of  Immigrants,  and  it  will  be  seen  that  the  percentage  of  days 
lost  through  sickness  varied  from  2-4  to  as  much  as  417,  the  average 
for  1907  being  15-5  and  for  1908  18-3,  the  average  for  the  two  years 
being  i6'9  days  lost  from  illness  out  of  every  100  working  days.  In 
other  words,  i6'9  men  out  of  every  100  on  these  twelve  estates  were 
incapacitated  from  work  daily  throughout  the  year,  that  is  to  say,  that 
if  it  were  possible  to  attain  the  ideal  of  no  sickness,  these  estates  could 
have  been  worked  with  i6’9  less  of  a  staff.  On  one  or  two  estates, 
during  certain  months  each  individual  coolie  on  the  estate  spent  ten 
to  fourteen  days  in  hospital  out  of  every  month  of  twenty-eight  or 
thirty  working  days.  This,  it  must  be  admitted,  represents  an 
enormous  loss  of  labour,  in  addition  to  what  I  have  already  alluded 
to  the  cost  to  the  Colony  of  maintenance  in  hospital — and  I  do  not 
think  it  will  be  disputed  by  any  practical  business  man  that  if  it  is 
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possible  to  reduce  this  amount  of  sickness  appreciably,  by  measures 
directed  against  malaria,  and  at  a  reasonable  cost,  it  is  well  worth 
while  giving  those  measures  a  thoroughly  systematic  and  determined 
trial.  It  will  mean  eventually  that  estates  can  be  worked  with  a 
smaller  staff  as  satisfactorily  and  efficiently  as  they  are  at  present 
worked  by  a  staff,  a  considerable  proportion  of  which  is  permanently 
incapacitated  by  illness. 

Malaria  among  the  Constabulary. 

In  the  Jamaica  Constabulary  we  have  a  body  of  picked  men  who 
have  to  attain  a  certain  physical  standard  before  enlistment,  who  are 
constitutionally  sound  at  the  time  of  admission  to  the  force,  and  who 
live,  on  the  whole,  under  favourable  circumstances  as  regards  food, 
clothing  and  housing.  They  ought,  therefore  to  be  a  very  good  index 
of  the  prevalence  of  malaria  in  any  given  locality  if  they  suffer,  much 
more  will  the  general  native  population  suffer. 

Colonel  Kershaw,  the  Inspector-General,  has  been  kind  enough  to 
supply  me  with  the  number  of  cases  of  malaria  at  each  station.  To 
get  an  absolutely  accurate  idea  of  the  prevalence  of  malaria  in  the 
force,  one  would  have  to  obtain  the  number  of  days  off  duty  from 
malaria  and  the  proportion  of  average  daily  sick  from  malaria  to 
average  daily  strength,  and  no  doubt  this  can  be  readily  obtained  if 
required,  but  the  present  return  (Table  IX)  is  sufficiently  accurate  for 
comparative  purposes,  and  I  have  only  calculated  the  percentages  at 
the  principal  stations  where  there  are  a  considerable  number  of  men, 
as  with  small  numbers  the  figures  of  illness  are  more  liable  to  error. 

Here  again  we  find  Annotto  Bay  occupying  the  unenviable  position 
of  easily  heading  the  list.  Every  man  stationed  at  Annotto  Bay  has 
on  average  six  to  seven  attacks  of  malarial  fever  every  year.  Port 
Maria,  Buff  Bay,  Alley,  May  Pen,  Port  Antonio,  Old  Harbour, 
Savanna-la-Mar  and  Black  River  are  all  stations  showing  a  high 
percentage  of  malarial  attacks.  Kingston  shows  a  low  malaria  rate, 
while  the  higher  stations  in  the  Manchester  districts  are  practically 
free. 

The  total  number  of  attacks  of  malaria  in  the  force  in  igoy  was 
749,  and  in  1908,  820,  a  total  for  the  two  years  of  1,569.  If  each 
attack  incapacitates  the  man  from  duty  for  five  days,  which  is 


probably  a  low  estimate,  we  obtain  a  total  of  7,845  days  lost  in  actual 
service  during  the  two  years. 

Spleeji  Rate. 

These  various  figures,  the  death-rate  from  malaria,  and  the 
Hospital  admission  rate,  give  of  course  only  an  approximate  idea  of 
the  prevalence  of  malaria  in  a  community,  that  is  to  say,  of  the 
number  of  infected  persons  in  a  locality.  But  it  is  obvious  that  a 
very  large  number  of  individuals  will  not  be  included  in  statistics 
derived  from  such  sources.  A  great  many  people  suffer  from  malaria 
and  recover,  and  a  large  proportion  of  these  receive  no  hospital 
treatment.  It  is  evident,  then,  that  the  percentage  of  infected  people 
must  be  very  much  larger  than  has  been  shown.  The  only  absolutely 
accurate  method  of  determining  the  exact  proportion  of  infected 
individuals  in  the  general  population  would  be  to  examine  the  blood 
of  a  very  large  number  of  people,  taken  at  random  from  the  general 
population,  for  malarial  parasites,  and  this  would  give  us  what  has 
been  termed  by  Christopher  and  Stephens  the  ‘endemic  index’  of 
malaria.  Such  a  process  of  microscopic  examination  is,  however,  a 
very  laborious  one,  and  occupies  a  very  large  amount  of  time,  as 
parasites  are  frequently  very  difficult  to  detect,  and  consequently,  this 
method  is  one  which  it  is  rarely  possible  to  adopt. 

But  there  is  a  method  which  gives  a  very  fair  indication  of 
malaria  in  a  locality,  and  which  was  first  put  in  practice  by  Professor 
Ross  in  a  comprehensive  manner  in  connection  with  his  recent  visit 
to  Mauritius.  This  depends  upon  the  fact  that  malaria  causes  an 
enlargement  of  the  spleen,  and  consequently  the  number  of  people 
with  enlarged  spleens — what  Professor  Ross  calls  the  ‘  spleen  rate  ’ — 
IS  a  fairly  reliable  index  of  the  amount  of  malaria  in  a  locality,  for 
apart  from  Kala-azar,  which  so  far  as  I  know  is  non-existent  in 
Jamaica,  malaria  is  the  only  endemic  disease  which  causes  a  chronic 
enlargement  of  the  spleen. 

And  it  has  been  proved  that  in  a  locality  where  malaria  is 
endemic,  children  up  to  the  age  of  fifteen  or  sixteen  suffer  to  a  large 
extent  from  enlarged  spleen,  while  over  that  age  it  appears  to 
diminish  in  size,  and  is  less  easily  detected.  In  other  words,  the 
native,  as  he  grows  older,  appears  to  acquire  a  certain  degree  of 
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immunity  from  malaria.  For  our  purpose,  therefore,  it  is  onl\' 
necessary  to  examine  children  under  that  age,  and  this  method 
undoubtedly  affords  a  very  valuable  index  for  comparative  purposes 
of  the  prevalence  of  malaria  in  different  localities. 

Following  the  lines  laid  down  by  Professor  Ross,  I  endeavoured 
to  carry  out  a  splenic  census  as  extensively  as  possible  in  different 
parts  of  the  Island.  Unfortunately,  at  the  time  of  my  visit,  the 
schools,  which  afford  the  best  means  of  examining  a  large  number  of 
children,  were  closed  for  a  month  owing  to  the  Christmas  holidays, 
and  I  found  it  very  difficult  to  get  together  a  considerable  number. 
However,  with  the  kind  assistance  of  the  District  Medical  Officers, 
and  of  the  Clergy,  I  was  able  to  examine  personally  2,036  children, 
and  the  interesting  results  are  shown  in  Table  X.  In  addition  to 
obtaining  the  total  number  with  enlarged  spleens,  I  was  at  some 
trouble  to  obtain  exactly  the  degree  of  enlargement  and  have,  as 
suggested  by  Professor  Ross,  divided  the  spleens  into  four  groups  : 
normal  spleens,  and  those  showing  three,  six  and  nine  inches  degree 
of  enlargement  respectively.  This  gives  what  Ross  calls  the  Average 
Spleen,  and,  as  he  points  out,  is  more  likely  to  give  a  more  delicate 
index  of  the  amount  of  malaria  in  a  given  locality  than  the  simple 
spleen  rate. 

I  am  unable  to  obtain  from  the  Registrar-General’s  returns  any 
idea  of  the  total  number  of  children  in  the  Island  up  to  the  age  of  16, 
but  in  any  case,  with  such  a  small  proportion  as  2,036  it  is  manifest 
that  it  is  impossible  to  draw  any  sweeping  generalisation,  nor  is  it 
possible  to  make  any  comparison  with  the  parochial  death-rate, 
because  the  latter  is  calculated  for  the  whole  parish,  while  my 
observations  were  confined  to  small  areas.  But  the  Table  is  of  very 
considerable  value  in  this  respect,  that  it  enables  us  to  place  our 
finger  with  absolute  certainty  on  certain  spots  where  the  endemic 
index  is  very  high,  and  it  enables  us  with  equal  certainty  to  exclude 
certain  localities  from  the  malarial  area,  and  is  of  importance  as 
indicating  the  localities  to  which  anti-malarial  measures  should  be 
applied  without  delay,  and  as  excluding  others  where  the  urgency  is 
not  so  extreme. 

The  following  table  gives  the  results  in  the  different  parishes.  Of 
the  children'  examined,  over  a  fourth  showed  enlargement  of  the 
spleen. 
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Table  showing  spleen  rate  in  various  parishes 
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1 

No.  of 

Spleens 

i 

1 

1 

Total  No.  1 

Spleen 

Average 

Parish 

|of  enlar.afed 

rate 

spleen 

examined 

I 

3 

6 

1 

9 

spleens  | 

Portland . 

291 

I  12 

152 

26 

I 

179 

6i-5 

2-5 

7  •  T 

St.  Mary  . 

398 

216 

158 

22 

2 

1  o2 

4d  7 

2'3 

St.  Thomas  . 

St.  Catherine  . 

44 

212 

27 

156 

10 

48 

0 

7 

r 

^  / 

36 

26-4 

1-6 

St.  Elizabeth  . 

Kingston  . 

249 

220 

19s 

197 

47 

23 

7 

0 

0 

0 

54 

23 

10-4 

8-2 

1-2 

1*2 

Westmoreland  . 

278 

25s 

17 

5 

1*06 

1-03 

Trelawnv  . 

189 

187 

2 

0 

0 

I'O 

St.  Ann  . 

69 

69 

0 

0 

i-o 

Manchester . 

42 

42 

0 

0 

0 

0 

i-o 

Chapelton  . 

44 

44 

0 

0 

0 

' 

1 

Total  . 

2,036 

1,500 

1 

457 

1 

.  73 

L_ 

6 

536 

26-3 

'  1-2 

1 

In  the  St.  Thomas  Parish,  time  did  not  permit  of  my  paying 
more  than  a  flying  visit,  for  which  I  was  indebted  to  Dr.  Edwards. 
At  Albion,  where  I  was  only  able  to  collect  ten  children,  chiefly 
coolies,  the  percentage  of  enlarged  spleens  was  8o,  while  at  Yallas 
it  was  only  28-4  per  cent.  I  have  no  doubt  whatever  that  at  Morant 
Bay  and  other  coast  villages  the  spleen  rate  would  be  found  to  be 

very  high. 

In  the  Portland  Parish  I  was  able,  through  the  courtesy  of  Mr. 
Plant,  the  head  master,  to  examine  a  considerable  number  of  children 
at  the  Titchfield  School,  and  though  no  doubt  many  of  these  came 
from  the  poorer  classes,  I  was  very  much  impressed  with  the  intelli¬ 
gence,  the  good  physical  condition  and,  on  the  whole,  the  cleanliness 
and  the  evident  care  bestowed  on  the  children  by  the  parents  ;  but 
even  under  these  conditions  the  spleen  rate  was  found  to  be  from 
53  to  56  per  cent.,  diminishing  as  the  children  got  older.  It  was 
interesting  to  note  that  the  children  residing  on  the  ridge  on  which 
the  Hospital  and  principal  houses  are  built  showed  an  almost  entire 
absence  of  enlarged  spleens,  indicating  a  comparative  freedom  from 
malaria.  In  the  lower  parts  of  the  town,  however,  for  example,  the 
East  end  and  the  Bound  Brook  side,  both  low-lying,  badly  drained 
and  swampy,  the  percentage  rose  as  high  as  81 -8.  Here,  whole 
families  were  found  to  be  anaemic,  cachectic  and  saturated  with 
malaria.  It  ought  to  be  noted  that  in  this  locality  the  examinations 
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were  almost  entirely  among  negro  children,  showing  their  very 
marked  susceptibility  at  an  early  age,  and  it  was  also  found  that  the 
tendency  to  enlargement  of  the  spleen  was  greater  among  coloured 
children  than  among  those  of  purer  negro  blood. 

On  the  banana  estates,  where  unfortunately  the  number  of 
children  examined  was  smaller,  the  percentage  was  very  high,  in  two 
instances  reaching  loo.  This  was  among  the  coolie  population. 

In  this  parish  the  average  size  of  the  spleen  was  two  and  a  half 
times  the  normal. 

In  the  parish  of  St.  Mary,  where,  with  the  assistance  of  the 
District  Medical  Officers,  Drs.  Ritchie  and  Farquharson,  I  was  able 
'to  cover  a  very  considerable  area,  the  spleen  rates  were  also  found  to 
be  high,  an  average  of  457  per  cent.  Annotto  Bay  showed  a  spleen 
rate  of  69-8  per  cent,  falling  to  26  per  cent,  at  Enfield,  which  is  some 
two  or  three  hundred  feet  above  sea  level. 

The  influence  of  altitude  in  diminishing  malaria  was  shown  at 
Brown’s  Town,  where  no  enlarged  spleen  was  detected.  The  same 
was  found  to  be  the  case  at  Mandeville,  and  at  Betheltown,  both  at 
very  consideiable  elevations.  Chapelton  also  showed  no  enlarged 
spleens,  though  there  were  some  cases  of  malaria  in  the  hospital. 

This  method  of  examination  brings  out  the  marked  differences 
there  may  be  in  localities  which  are  contiguous.  For  example,  at 
Gieat  Pedro  Bay  the  percentage  of  enlarged  spleens  was  54  per  cent., 
whereas  at  Newell,  a  short  distance  off,  but  220  feet  above  sea  level. 
It  was  only  2*9  per  cent.  This  was  clearly  due  to  the  character  of  the 
soil  affecting  the  breeding  places  of  mosquitoes.  At  Great  Pedro 
Bay  there  were  numerous  grass-grown  ponds  in  which  Anopheline 
larvae  could  be  found,  whereas  at  Newell  the  country  was  almost 
entirely  waterless,  the  soil  being  sandy  and  well  drained,  and  the 
water  supply  derived  from  a  few  deep  wells. 

St.  Catheiine  showed  similar  variations.  Salt  Pond,  swampy,  and 
situated  in  the  itiidst  of  the  banana  plantations,  artificially  irrigated, 
showed  a  percentage  of  69-2,  while  Spanish  Town,  long  with  a  very 
unenviable  reputation,  but  now  with  improved  surface  drains,  showed 
only  17-3  per  cent. 

In  the  Black  River  District,  one  sugar  estate  where  artificial 
irrigation  was  employed,  and  where  a  number  of  coolies  lived  in  the 
JJ 
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■rice  pieces,'  gave  ;5  per  cent.,  while  another  tinder  different 

conditions  showed  no  enlarged  spleens. 

In  Kingston,  among  the  220  children  whom  I  was  able  to  examine, 
there  was  only  a  percentage  of  10-4.  A  complete  splenic  census  of  the 
towns  would,  however,  show  considerable  variations. 

It  is  evident,  then,  that  in  this  method  we  have  one  of  considerable 
value  m  determining  the  distribution  and  prevalence  of  malaria  ;  and 
1  would  suggest  the  advisability  of  undertaking  a  more  comprehensive 
splenic  census,  by  having  all  the  schools  of  the  Colony  systematically 
examined.  The  examination  is  a  very  simple  one,  and  will  require 
only  a  few  seconds  for  each  child.  Two  points  only  need  be  noted: 
the  presence  of  enlarged  spleen  and  the  size.  The  age,  sex,  and  race 
of  child  can  be  supplied  by  the  teacher.  The  importance  of  this 
information  will  be  evident  when  I  discuss  one  of  the  methods  of 
prophylaxis. 

1  should  like  to  mention  a  point  here  which  struck  me  very  much 
in  examining  the  schools,  and  that  is,  that  the  school  registers  in 
most  cases  showed  the  most  marked  variations  in  attendance,  the 
number  of  absentees  rising  enormously  at  certain  periods.  This  must 
inevitably  interfere  very  much  with  educational  progress,  and  tend  to 
lower  the  standard,  and  as  a  considerable  proportion  of  these  absences 
are  undoubtedly  due  to  malaria,  any  diminution  in  that  disease  among 
the  children  which  would  promote  more  regular  attendance  would 
indirectly  foster  the  cause  of  education. 

SUMMARY 

1  may  now  summarise  the  facts  which  we  have  ascertained 
regarding  the  prevalence  of  malaria  :  — 

1.  The  total  malarial  deaths  for  the  whole  Island  during  ten 
years  amounts  to  34,695. 

2.  This  is  equivalent  to  an  average  annual  death-rate  of  44 
per  thousand. 

3.  The  average  percentage  of  malarial  deaths  to  total  deaths  is 
197,  representing  nearly  one-fifth  of  the  total  deaths. 

4.  The  total  admissions  to  hospitals  from  all  causes  has  risen 
from  16,103  to  21,837  in  four  years,  an  increase  of  26  per  cent. 


5-  The  total  admissions  from  malaria  have  risen  from  4,827  to 
7,510,  an  increase  of  55  per  cent. 

6.  Over  33  per  cent,  of  the  total  admissions  were  due  to  malaria. 

7.  The  annual  cost  to  the  Colony  of  treating  malarial  patients 
in  hospital  is  over  7^6,300. 

8.  The  annual  loss  of  labour  from  malaria  among  indentured 
coolies  on  certain  estates  amounted  to  i&g  out  of  every  100  working- 
days. 

9.  Among  the  Constabulary,  the  loss  of  working  days  from 
malaria  in  two  years  amounted  to  7,845. 

10.  The  Average  Spleen  Rate  among  the  children  examined 
was  26‘3  per  cent.,  or  over  a  fourth  with  enlarged  spleens. 

11.  The  Average  Spleen  was  r2. 

12.  There  is  a  large  interference  with  education  on  account  of 
illness,  which  is  preventible. 


505 


Of  course  it  must  be  admitted  that  the  conditions  at  Ismailia 
were  extremely  favourable,  the  area  of  land  to  be  dealt  with  was 
limited,  and  the  conditions  very  easy,  but  the  results  demonstrate  very 
clearly  the  immediate  effects  of  systematic  anti-malarial  measures. 

2.  Federated  Malay  States 

In  the  Federated  Malay  States  at  Klang  and  Port  Swettenham, 
very  satisfactory  results  have  been  obtained.  Here  the  measures 
adopted  were  extensive  drainage  of  swamps,  mechanical  prophylaxis, 
that  is,  making  the  houses  mosquito-proof  by  means  of  wire  gauze, 
and  quinine  distribution. 

The  following  tables  give  some  of  the  results  .- 

I.  Cases  of  malaria  admitted  to  Klang  Hospital  from  the  two 
towns,  compared  with  those  admitted  from  the  district. 


Anti-malarial  measures. 

1901 

1902 

1903 

t904 

1905 

'I'owns  of  Klang  and  Port  Swettenham... 

6ro 

199 

69 

32 

23 

District  . 

197 

204 

150 

zbb 

353 

There  is  thus  a  fall  from 

610  in  1901, 

when  the 

anti-malarial 

campaign  was  instituted,  to  23 

in  1905,  while 

an  increase  took  place 

among  those  from  outside. 

2.  Deaths  in  Klang  and  Port  Swettenham. 

T9OO 

1901 

1902 

1903 

1904 

1 905 

Fever  .  259 

368 

59 

46 

48 

45 

Other  causes  .  215 

214 

85 

69 

74 

68 

3.  Deaths  in  District  excluding 

Towns. 

No  anti-malarial  measures. 

1900 

1901 

r902 

'903 

1904 

1905 

Fever  .  173 

266 

227 

230 

286 

351 

Other  diseases  .  133 

150 

176 

198 

204 

271 

Sick  Certificates  and  sick  Leave  granted  to 

Government  em 

ployes : 

(Number  176  in  igoi  and  281 

in  1904). 

Anti-malaria ! 

measures. 

lyoi 

1902  1903 

1904 

1905 

Certihcates  . 

4c  23 

14 

4 

Days  of  leave 

>98  73 

7« 

30 

■ 
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that  is,  making  the  houses  mosquito-proof  by  means  of  wire  gauze, 
and  quinine  distribution. 
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(Number  176  in  1901  and  281  in  1904). 
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1905 

Certificates  . 
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73 
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30 
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Dr.  Watson,  the  Medical  Officer,  makes  an  important  remark 
regarding  the  reduction  of  mosquitoes  .•  — ‘  A  definite  improvement  in 
the  health  of  Klang  was  evident  when  only  the  swamps  nearest  to  the 
main  groups  of  houses  had  been  dealt  with,  and  while  other  swamps 
within  the  town  were  still  untouched.  The  mosquitoes  from  these 
did  not  appear  to  travel  any  distance,  and  there  has  been  no  evidence 
of  dangerous  immigration  of  Anophelines  from  the  extensive  breeding 
places  which,  until  the  middle  of  1904,  existed  just  outside  the  town 
boundary,  and  some  of  which  still  remain.  Yet  the  species  breeding 
in  those  swamps  were  identical  with  those  breeding  in  the  town.’ 

3.  Hong  Kong 

In  Hong  Kong  an  anti-malarial  campaign,  drainage,  wire  gauze, 
oiling  the  pools  and  quinine  prophylaxis,  was  started  by  Dr. 
Thompson  in  1901,  and  here  it  must  be  remembered  that  owing  to 
the  constant  daily  migration  of  3,000  to  6,000  natives  from  the 
country  districts,  the  difficulties  of  stamping  out  malaria  are  much 
greater,  as  many  of  these  must  remain  infected  in  spite  of  local 
measures.  But  in  spite  of  this  the  malaria  reduction  is  very  striking. 


Malaria  statistics  in  two  large  hospitals. 


Anti-malarial  measures 


1896 

1897 

1898 

1899 

1900 

1901 

1902 

1903 

1904 

1905 

Admissions  . 

1,021 

865 

0 

00 

1,220 

1,294 

752 

568 

433 

419 

Deaths  . . 

_ 

197 

126 

63 

163 

132 

128 

63 

58 

54 

Admission  rate  of  Police  for  Malaria. 

Admissions  per  cent. 

32 

25 

19 

31 

42 

44 

19 

18 

II 

12 

Deaths  from  Malaria. 


Population  . 

239)419 

377)85° 

Total  deaths . 

533 

-1^ 

530 

546 

555 

574 

425 

300 

285 

Deaths  in  city 
(Chinese  only) 

290 

302 

280 

218 

242 

281 

189 

152 

90 

87 
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4-  Sierra  Leone 

Here,  as  the  difficulties  of  immediately  dealing-  with  the  town  were 
great,  the  piinciple  of  segregation  -was  adopted.  A  cantonment  was 
constructed  on  the  hills  away  from  native  dwellings,  with  the  result 
that  malaria  has  entirely  disappeared  among  the  resident  European 
Government  officials.  Among  Government  officials  elsewhere, 
cjuinine  prophylaxis  has  been  carried  out  with  beneficial  results 
In  the  city  of  Freetown,  an  intensely  malarial  place,  the  three 
main  streams  which  were  prolific  sources  of  Anophelines  have  been 
canalised,  resulting  in  a  marked  diminution  in  the  number  of 
mosquitoes.  Oiling  of  the  pools  was  also  extensively  resorted  to, 
and  a  clause  rendering  it  a  punishable  offence  to  have  mosquito  larvae 
in  the  compounds  was  passed.  Unfortunately  it  is  very  difficult  to 
get  the  native  municipality,  who  control  local  sanitation,  to  move  in 
the  matter,  and  progress  is  very  slow. 


5.  Italy 

Some  parts  of  this  country  are  among  the  most  malarious  in  the 
world,  as  many  as  11,000  deaths  formerly  taking  place  in  the  year, 
and  the  difficulties  were  very  great  owing  to  the  enormous  tracts 
of  country  to  be  dealt  with,  and  the  nature  of  the  agricultural  cultiva¬ 
tion.  Thus,  though  drainage  and  agrarian  sanitation  were  carried 
out,  it  was  found  difficult  to  proceed  rapidly  with  this  on  a  large  scale, 
owing  to  the  great  expense  involved.  But  while  it  was  recognised 
that  the  ultimate  aim  must  be  the  reduction  of  the  Anopheline 
Mosquito  by  means  of  agrarian  sanitation,  it  was  found  that  an 
incalculable  saving  in  health  and  life  could  in  the  meantime  be 
effected  by  other  means,  namely,  firstly,  by  methods  of  mechanical 
prophylaxis,  that  is  by  protecting  the  individual  from  the  bite  of 
mosquitoes,  and,  secondly,  by  medical  prophylaxis,  that  is  by  the 
preventive  use  of  quinine,  and  it  is  in  Italy  that  perhaps  this  method 
has  been  most  extensively  and  thoroughly  carried  out. 
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The  following  table  shows  the  effect  of  7necha7tical  prophylaxis 
alone,  which  was  carried  out  along  the  Italian  railways  :  the  first 
column  showing  the  percentage  of  fever  attacks  among  people 
protected,  the  second  among  those  not  protected.  The  difference  is 
striking :  — 


Mechanical  Prophylaxis  along  the  Station  Railways 


Year 

Persons 

protected 

Percentage  attacked  with 
fever 

Percentage 

atta 

of  control 
:ked 

Recurrent 

Primary 

Min. 

Max. 

1899 

24 

20'0 

200 

96 

1900 

27 

5-5 

7-5 

77 

92 

1901 

S)T65 

3-3 

20*2 

20 

96 

igo2 

5,851 

10*1 

2*0 

12 

81 

1903 

8,230 

22-5 

4-6 

10 

32 

1904 

00 

8-7 

2-0 

10 

27 

But  clearly,  mechanical  prophylaxis  was  applicable  only  to  a 
limited  number  on  account  of  the  expense,  and  hence  it  was  found 
that  in  Italy  the  method  which  was  capable  of  most  general  applica¬ 
tion  and  most  efficient  was  the  distribtiiioTt  of  quhtme,  and  here  it  is 
undertaken  entirely  by  the  State,  distributed  gratuitously  to  those 
who  are  too  poor  to  pay  for  it,  and  sold  at  cost  price  to  those  in  a 
better  social  position. 

The  following  diagram  shows  the  mortality  from  malaria  in  Italy 
before  and  after  the  commencement  of  State  distribution  of  quinine. 

It  will  be  observed  that  the  mortality  from  malaria  is  subject  to 
periodical  oscillations,  with  a  maximum  every  five  or  six  years,  but 
that  on  only  one  occasion,  from  1887  to  1902  (the  year  when  quinine 
distribution  was  begun),  in  Latium  and  South  Italy  alone  did  the 
mortality  sink  below  5)000)  while  in  two  years  it  was  over  10,000. 
After  1902,  however,  it  never  rose  as  high  as  5,000,  and  in  1906  was 
under  2,500,  an  enormous  annual  saving  of  human  life,  and,  further, 
the  periodic  rise  which  was  due  in  1905  or  1906  did  not  occur. 
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Mortality  from  Malaria  in  Italy  before  and  after  State  distribution  of  quinine. 

- -  Latium  and  South  Italy. 

-  Sicily  and  Sardinia. 

.  Central  Italy  (excluding  Latium  and  North  Italy). 
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A  similar  result  is  shown  in  the  following  table 


Quinine  Prophylaxis  in  the  Agro  Romano 


1900 

1901 

1902 

[903 

1904 

1905 

1906 

Prophylaxis  in  the  Agro 

17,506 

29,693 

38,429 

Romano  . . . 

79 

1,176 

3,853 

41,072 

Primary  infections  treated  by 

162 

the  Red  Cross  Society 

1,716 

I  >263 

63) 

764 

320 

250 

129 

('7) 

(7) 

''2) 

(i-34) 

(l'52) 

(07) 

Malarial  patients  treated  by 

1,406 

839 

576 

the  Red  Cross  Society 

3175 1 

2,366 

2,581 

1,547 

(■31) 

(26) 

(20) 

(ii) 

(10) 

(5-i) 

('3-4) 

Malarial  patients  admitted 

2,461 

into  the  Rome  hospitals 

6,186 

4,725 

2,750 

2,991 

3,991 

2,513 

The  figures  in  parentheses  are  the  percentages. 


With  the  increase  of  people  taking  quinine  as  a  preventive  in  the 
Agro  Romano  the  number  of  primary  infections  treated  by  the  Red 
Cross  Society  fell  from  17  per  cent,  to  07  per  cent.,  and  the  number 
of  malarial  patients  treated  by  the  same  Society  from  31  to  3’4  per 
cent.,  while  the  number  of  patients  treated  in  the  Rome  hospitals  for 
malaria  fell  from  6,186  to  2,513,  representing  a  large  saving  in 
hospital  expenditure. 

Among  Government  officials,  who  can  be  controlled  with  greater 
facility,  the  percentage  of  cases  of  malaria  has  fallen,  in  the  case  of 
employes  on  the  railway,  from  69^92  to  I9'84,  owing  to  the  introduc¬ 
tion,  first  of  mechanical  prophylaxis,  and  later  the  addition  of  the 
quinine  prophylaxis. 


Malaria  along  the  ex-Adriatic  Railways 


Year 

Percentage  of 
cases  of  malaria 

Days  of  mean 
duration  of  cases 
of  malaria 

Mean  of  days 
of  illness  lost 
every  year  per 
person 

Observations 

1888-1905 

69-92 

7-88 

5-48 

Without  prophylaxis 

1902 

44-93 

6-99 

3-12 

Mechanical  prophylaxis 

1903 

30-32 

6-25 

1-89 

55  55 

1904 

33-10 

7-33 

2-48 

55  55 

1905 

39-44 

7-64 

3-01 

55  55 

1906 

19-84 

8-52 

1-69 

Mixed  prophylaxis 

5II 

Similarly  among  Customs  House  officers  the  percentage  of  cases 
of  fever  has  fallen  from  65'30  to  I2'73  by  mechanical  prophylaxis 
alone,  and  further  to  7’30  by  the  addition  of  quinine  prophylaxis. 


Malaria  in  the  Customs  House  Officers 


Year 

Number  of 
Customs  House 
Officers 

Cases  of  fever 
verified 

Percentage 

Observations 

1900-1902 

1)738 

1)035 

65-30 

Without  prophylaxis 

1903 

i)75» 

222 

12-73 

Mechanical  prophylaxis 

1904 

1)714 

209 

12*19 

1905 

1)721 

187 

10-86 

Mechanical  prophylaxis 
and  beginning  of 
quinine  prophvlaxis 

1900 

1,614 

iiS 

7-3* 

Mechanical  and  chemical 
prophylaxis 

These  striking  results  have  been  obtained  largely  by  means  of 
State  legislation.  A  series  of  laws  have  been  promulgated  giving 
the  public  the  right  to  buy  quinine  at  a  minimum  price,  imposing 
upon  employers  the  duty  of  preventing  the  damage  done  by  malaria 
by  giving  the  preventive  quinine  gratuitously  to  workers,  and  of 
compensating  them  by  giving  them  the  curative  quinine  gratuitously, 
and  giving  the  poor  the  right  to  have  quinine  given  them  gratuitously 
by  the  charitable  institutions. 

And  the  net  results  are  shown  in  the  following  Table :  — 


State  Quinine  and  Mortality  from  Malaria 


Consumption  c 

f  state  quinine 

Mortality  from  malaria 

i 

i 

Net  profits  of 
administration  of 
State  quinine  in 
lire 

Financial  year 

Kilograms  sold 

Solar  year 

Total  deaths 

_ 

__ 

1895 

16,464 

— 

— 

1896 

14)017 

— 

— 

— 

1897 

”)947 

— 

— 

1898 

11)378 

— 

— 

1899 

10,81 1 

— 

— 

— 

1900 

15)865 

— 

— 

— 

1901 

i3)S6i 

— 

1902-3 

2,242 

1902 

9)9o8 

34.270 

1903-4 

7)234 

1903 

8)50 

183,039 

1904-5 

14,071 

1904 

8,501 

183,382 

1905-6 

18,712 

1905 

7.838  1 

293)395 

1906-7 

20,723 

1906 

4,871 

462,290 

512 


On  this  Professor  Angelo  Cello  remarks  that  ‘  It  appears  that  the 
‘  annual  consumption  of  State  quinine  has  progressively  increased 
‘  from  2,242  to  20,723  kilogrammes  (4,941  to  45,673  lbs.),  and  that  in 
‘  the  respective  quinquennia  the  mortality  from  malaria  has  progres- 
‘  sively  diminished  two-thirds. 

‘  This  intimate  relation  between  the  progressive  increase  of  the 
'  one,  and  the  progressive  diminution  of  the  other,  cannot  honestly  be 
‘  ignored  or  denied. 

‘  In  fact  from  1887  to  the  end  of  1895  upwards  of  15,000  persons 

‘  died  annually  from  malaria . Owing  to  the  introduction 

‘  and  the  continuously  increasing  diffusion  of  the  State  quinine,  the 
‘  mortality  from  year  to  year  has  rapidly  fallen  to  less  than  5,000 
‘  victims,  and  the  characteristic  periodic  recrudescences  have  no  longer 
‘  presented  themselves. 

‘  Now  who  can  deny  to-day  that  quinine  is  not  the  sovereign 
‘  remedy,  and  that  only  those  die  from  malaria  who  do  not  take  it  in 
‘time  and  in  sufficient  quantity?’ 

Concurrently  with  these  measures  a.  wide  propaganda  as  to  the 
causes  and  prevention  of  malaria  has  been  made  by  means  of  the 
distribution  of  handbills,  pamphlets,  and  by  giving  lectures  and 
demonstrations.  In  other  words,  a  serious  effort  has  been  made  to 
educate  the  public  as  to  evils  of  malaria  and  the  means  of 
mitigating  the  scourge. 

6.  The  Panama  Canal 

To  come  a  little  nearer  home,  the  work  which  has  been  done  at 
Panama  by  the  Americans  is  a  striking  lesson  of  what  can  be  done  by 
systematic  and  prolonged  efforts  on  a  scientific  basis,  by  a  strong 
Government,  under  climatic  conditions  which  approximate  very 
closely  to  those  which  obtain  in  the  Island  of  Jamaica. 

The  measures  adopted  here  have  been  the  formation  of  a 
Mosquito  Brigade  which  undertakes  the  cleaning  of  ditches,  filling 
up  swamps  and  holes,  cleaning  of  pools,  oiling  of  ditches,  pools,  etc., 
making  of  cement  gutters,  screening  of  houses,  etc.  No  fewer  than 
2,674  lbs.  of  quinine  were  distributed. 

The  results,  for  which  I  am  indebted  to  the  courtesy  of  Professor 


Sir  R.  Boyce,  are  given  by  Colonel  Gorgas,  the  able  and  distinguished 
Medical  Officer  in  charge  of  the  Sanitary  Department,  as  follows:  — 

Death  rate  among  employes 


Year 

Force 

Deaths 

Rate  per  i,ooo 

1906 

26,705 

1,105 

41-37 

1907 

39)343 

1)>32 

2877 

1908 

43.890 

571 

13-01 

The  death  rate  among  the  black 

employes  has  fallen  as  follows 

Year 

Force 

Deaths 

Rate  per  i,ooo 

1906 

21,441 

1,083 

47-24 

1907 

28,634 

953 

33-28 

oc 

0 

31)507 

402 

1 2-76 

This  means  that  in 

1906  out  of  every  1,000  blacks  on  the  rolls, 

died,  while  in  1908  only  12  died. 

that  is 

to  say  one-quarter  of 

deaths. 

Among  the  total  population  of  Panama,  Colon  and  the  Canal 
Zone,  the  deaths  were  as  follows  : 


Year 

Population 

Number  of  deaths 

Rate  per 

1906 

66,01 1 

3)544 

49-10 

1907 

102,133 

3)435 

33-63 

1908 

120,097 

2,983 

24-83 

That  is  to  say,  in  1908  the  death-rate  was  half  what  it  was  in 
1906. 

In  1906  there  were  233  deaths;  in  1907,  154  deaths;  in  1908,  73 
deaths.  That  is  with  a  force  more  than  one-third  larger,  there  were 
in  1908  one-third  fewer  deaths  from  malaria  than  occurred  in  1906. 

Colonel  Gorgas  remarks :  — ‘  I  consider  malaria  the  best  measure 
of  the  sanitary  work  done.  In  1906  out  of  every  thousand  employes 
we  admitted  in  our  hospitals  from  malaria,  821;  in  1907,  424;  in 
1908,  282  ;  that  is,  we  now  have  only  about  one-third  the  amount  of 
malaria  among  our  employes  that  we  had  three  years  ago.’ 

7.  Havana. 

Although  the  following  figures  do  not  refer  to  malaria,  they  are 
of  great  importance  as  showing  the  effect  of  anti-mosquito  measures, 
in  the  diminution  of  yellow  fever,  to  an  outbreak  of  which  Jamaica 
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is  at  any 

■  moment  liable, 

as  there  is 

an  am 

pie  supply  of  the  yellow 

fever  mosquito,  the  Stegomyia,  available  all 

over 

the  Colony. 

Deaths 

in  Havana  from  Yellow 

Fever. 

Year 

Deaths 

Year 

Deaths 

Year  Deaths 

Y'ear  Deaths 

1871 

99' 

1881 

485 

1891 

356 

1901  18 

tS/z 

175 

1882 

729 

1892 

357 

[902  0 

oc 

1,244 

1883 

849 

1893 

496 

1903  0 

1874 

1,425 

1884 

511 

1894 

382 

1904  0 

1S75 

1,001 

1885 

165 

1895 

553 

1876 

1,619 

1886 

167 

1896 

1,282 

1877 

1,374 

1887 

532 

1897 

858 

00 

00 

1,559 

1888 

468 

1898 

136 

0 

OC 

1,444 

1889 

303 

1899 

103 

1880 

645 

1890 

308 

1900 

310 

Thus 

it  wil] 

1  be  seen 

that  from 

a  larg 

e  annual  mortality  from 

yellow  fever  in 

the  town  of  Flavana,  the  mortality  fell  to  nil,  as  the 

result  of  systematic,  scientific  measures  directed  against  the  mosquito 
alone. 

But  the  subsequent  history  is  still  more  interesting  :  — 

In  1902  the  American  Governor  had  handed  the  Administration 
over  to  the  Cubans  and  had  left  the  Island.  The  sanitary 
administration  evidently  then  gradually  became  lax,  anti-mosquito 
measures  were  not  carried  out  systematically,  and  in  November,  1905, 
the  first  case  of  yellow  fever  was  reported,  though  it  was  ascertained 
that  two  cases  had  occurred  in  October.  A  short  epidemic  followed, 
and  by  the  middle  of  February,  1906,  72  cases  with  23  deaths  had 
occurred,  and  up  to  June  30th,  1906,  82  cases  with  28  deaths. 

But  in  1907  the  United  States  again  took  over  the  Government, 
and  the  following  passage  occurs  in  the  Annual  Report  of  the  Public 
Health  and  Marine  Hospital  Service  for  1907. 

‘  Following  a  resolution,  the  administration  of  Cuban  affairs  again 
‘devolve  upon  the  Government  of  the  United  States.  From  a 
‘  sanitary  point  of  view  this  transfer  was  significant.  There  had  been 
‘  laxness  in  sanitary  work  in  the  interior,  and  many  districts  had 
‘  retrograded  to  deplorably  unhygienic  conditions,  requiring  attention. 
‘  Among  the  first  undertakings  of  the  new  regime  was  the  creation 
‘  of  an  efficient  sanitary  service,  supervised  by  an  officer  of  the  Army 

‘  Medical  Department . The  benefits  have  been  promptly  shown 

‘  in  the  elimination  of  yellow  fever  from  Havana.’ 


5^5 


In  the  interior  of  the  Island,  after  its  re-introduction  in  1905, 
Yellow  Fever  continued  to  spread,  and  this  was  attributed  to  the 
great  lapse  in  Sanitation,’  and  the  lack  of  hearty  co-operation  on 
the  part  of  native  Cubans.  Consequently '  an  act  was  promulgated 
in  August,  nationalizing  the  Sanitary  Service,  abolishing 

Municipal  Boards,  and  placing  public  health  affairs  in  charge  of  a 
‘  central  body,  presided  over  by  the  Chief  Sanitary  Officer,’  and  no 
doubt  in  the  Annual  Report  for  1909  the  effect  will  be  apparent. 

In  Havana,  the  result  of  the  new  Sanitary  administration  has  been 
at  once  apparent,  as  shown  in  the  following  statistics  :  — 

Cases  of  Yellow  Fever  Deaths  Percentage 

Year  ending  30th  June,  1906  .  82  28  34 

•'  ),  61  Q 

»  J  -  1908  ...  . .  .  Q  [  II 

The  necessity  of  continuity,  system,  and  permanence  in  Sanitary 
administration,  to  which  I  shall  draw  attention  later,  is  here 
exemplified  in  the  most  striking  manner. 

IX.  ANTI-MALARIAL  MEASURES  IN  JAMAICA 

Measures  Already  in  Force 

The  first  question  is,  what  steps  have  already  been  taken  in  the 
direction  of  the  Prevention  of  Malaria,  and  an  inquiry  showed  that 
these  are  practically  nil.  The  following  replies  from  the  District 
Medical  Officers  give  the  results  :  — 

Stoney  Hill:  ‘No  anti-malarial  measures  are  taken  in  this 
district.’ 

Morant  Bay  i  ‘  Nets  used  by  the  better  classes.  Some  families 
take  some  care  in  dealing  with  possible  breeding'  places 
for  mosquitoes.  No  general  preventive  measures  have 
been  adopted.’ 

Hordley :  ‘  None,  so  far  as  I  am  aware.’ 

Port  Antonio:  ‘No  anti-malarial  measures  taken  by  the  Local 
Sanitary  Authorities.  Mr.  Mitchell  has  filled  in  ten  acres 
of  morass  privately.’ 

St.  Ann’s  Bay :  '  Beyond  drainage,  no  anti-malarial  measures 
have  been  taken  in  the  district.’ 
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Cave  Valley:  ‘No  special  anti-malarial  measures  have  been 
taken  in  this  district.’ 

Falmouth  :  ‘  No  anti-malarial  measures  have  been  taken  m  this 
district.’ 

Savanna-la-Mar :  ‘Very  little  care  is  taken  by  any  section  of 
the  community  to  protect  themselves  from  malaria. 
Mosquito  nets  are  in  fairly  universal  use.’ 

Mandeville  :  ‘  Fever  does  not  exist  or  arise  in  my  district  except 
as  an  occasional  sporadic  case  at  Porus.  (!)  Therefore 
there  are  no  anti-malarial  measures  necessary. 

Chapelton .-  ‘No  anti-malarial  measures  are  taken.’ 

King-ston  :  ‘  No  anti-malarial  measures  have  been  taken. 

Lucea :  ‘  No  special  anti-malarial  measures  have  been  taken 
beyond  the  usual  routine  of  quinine  administration  and 
advice  to  patients  to  use  bed  netting.’ 

Black  River:  ‘None  taken.’ 

Buff  Bay:  ‘Anti-malarial  measures  taken  in  the  district:  — 

(a)  Swamps  in  various  parts  of  the  town  and  district  have 
either  been  drained  or  filled  up. 

(b)  Concrete  drains  have  been  laid  in  the  principal  streets. 

(c)  Quinine  has  been  distributed  to  the  indentured  immi¬ 
grants  on  all  the  estates  in  my  district.’ 

Annotto  Bay :  ‘  The  anti-malarial  measures  taken  in  the  district 
are  few  and  unsatisfactory.  Quinine  is  supplied  to  the 
estates  for  indentured  immigrants.  This,  however,  as  a 
prophylactic,  has  not  been  given  a  fair  trial.  The  use  of 
mosquito  nets  is  limited  to  a  very  small  percentage  of 
the  population.’ 

Preventive  Measures  Recommended 

Preliminary  Observations. — Financial 

Before  considering  the  practical  measures  of  anti-malarial  sanita¬ 
tion,  it  is  advisable  to  make  one  or  two  preliminary  observations. 

And  first  of  all,  it  would  be  useless  making  recommendations 
which  are  clearly  beyond  the  financial  capabilities  of  the  Colony ;  all 
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measures  must  be  limited  to  the  amount  of  money  which  is  available. 
It  would  be  futile,  for  example,  to  advise  extensive  engineering 
schemes  which,  though  theoretically  correct  and  advisable,  would 
involve  the  immediate  expenditure  of  thousands  of  pounds,  or  at  any 
rate,  of  amounts  which  could  not  be  obtained  without  crippling  the 
financial  resources  of  the  Colony  for  many  years,  and  might  not  be 
obtainable  at  all.  Obviously  then  our  aim  must  be  a  compromise 
between  the  demands  of  theory  and  the  exigencies  of  actual  circum¬ 
stances,  and  the  results  attained  in  Italy  afford  a  very  good  example 
of  what  may  be  done  by  keeping  this  in  mind. 

Agricultural 

Similarly,  as  malaria  has  been  shown  to  be  dependent  to  some 
extent  in  this  Colony  upon  the  agricultural  methods,  it  would  be 
useless  to  suggest  measures  which  would  involve  hampering  or 
perhaps  putting  a  stop  to  the  agricultural  development  which  is  at 
present  such  a  striking  feature  of  some  parts  of  Jamaica.  If  the 
eradication  of  malaria  means  the  giving  up  of  banana  plantations, 
for  example,  or  of  imposing  too  great  a  burden  on  them,  I  am  afraid 
that,  not  only  the  planters  but  the  public  generally,  will  shrug  their 
shoulders  and  say,  ‘  Well,  we  must  put  up  with  the  malaria,  we  must 
recognise  a  certain  amount  of  inefficiency  from  sickness,  and  we  must 
provide  for  a  certain  toll  on  human  life.’  The  progress  of  famaica 
is  dependent  upon  its  agricultural  development,  and  the  methods 
adopted  must  assist,  not  interfere,  with  this.  And  if  I  can  show  that, 
by  slight  mod  fications  of  these  methods,  by  the  adoption  of  compara¬ 
tively  simple  precautions,  necessitating,  no  doubt,  thought,  supervision 
and  perseverance,  a  very  great  improvement  can  be  effected,  I  am 
convinced  that,  the  common  sense  and  business-like  qualities  of  the 
estate  owners  will  lead  them  to  adopt  the  necessary  measures,  and  I 
think  the  Government  will  be  justified  in  calling  upon  them  to  do  so. 

Government 

Then  it  must  be  observed  that  all  measures  will  fall  naturally 
into  two  classes,  namely,  (a)  those  which  must  be  undertaken  by  the 
Government,  or  a  municipality,  or  a  parochial  board,  or  some 
organisation  possessing  funds  at  its  disposal,  and  (5)  those  which  are 
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more  or  less  personal,  and  must  be  undertaken  by  the  individual. 
Among  the  former  would  come  such  major  works  as  drainage,  the 
filling  up  of  swamps,  and  the  local  arrangements  and  organisation 
for  carrying  out  the  measures  detailed  below.  And  it  is  essential 
that  this  body  should  form  some  definite  plan  of  campaign  which, 
once  formed,  would  be  continuous  and  systematic,  and  would  not  be 
liable  to  alteration  by  conflicting  local  interests  or  petty  jealousies. 
Perseverance,  continuity,  and  permanence  are  essential. 

This  will  undoubtedly  require  legislation  in  certain  directions, 
and  in  framing  legislative  measures  in  connection  with  sanitation,  it 
is  necessary  that  they  should  be  as  simple  as  possible,  and  as  little 
burdened  with  legal  technicalities  and  machinery  as  practicable. 

In  my  experience  of  the  Tropics,  I  have  seen  admirable  measures 
rendered  a  dead  letter  through  the  difficulty  of  readily  and  easily 
bringing  offenders  within  the  meshes  of  the  law,  and  if  such  measures 
are  to  be  practically  elTective  we  must  ask  for,  and  I  am  sure  we  shall 
obtain,  the  whole-hearted  co-operation  of  the  magistracy. 

To  the  share  of  the  Government  or  central  body  will  also  fall 
the  duty  of  collecting  data  with  reference  to  malaria,  receiving- 
reports,  and  noting  results.  There  must  be  some  method  of 
observing  the  effect  of  the  different  measures,  and  the  central  body 
will  thus  be  able  to  control  the  expenditure,  diminishing  it  where 
improvement  has  been  effected,  and  increasing  it  where  required. 

Personal 

As  regards  {U)  the  measures  to  be  undertaken  by  individuals,  this 
will  resolve  itself  largely  into  a  question  of  personal  hygiene.  As  in 
all  sanitary  schemes,  certain  work  is  laid  upon  the  individual,  so  it 
must  be  in  anti-malarial  sanitation.  The  individual  must  not  be 
allowed  to  be  a  danger  to  the  community  by  harbouring  Anopheline 
larvae  in  his  compound  any  more  than  he  would  be  allowed  to  conceal 
a  case  of  smallpox,  and  employers  of  labour  must  either  personally, 
or  by  means  of  their  overseers,  see  that  the  measures  decided  on  are 
effectively  carried  out. 

Practical  Measures  against  Malaria 

Now  we  come  at  last  to  a  consideration  of  the  practical  measures 
which  are  especially  applicable  to  Jamaica,  many  of  which  have 
already  been  incidentally  mentioned. 


And  these,  as  I  have  already  shown,  will  depend  upon  two 
factors 

(a)  the  infected  mosquito,  and 

(b)  the  infected  individual. 

(a)  Mosquito  reduction:  It  is  evident  that  in  a  well  watered 
island  like  Jamaica,  with  large  areas  under  cultivation,  it  is  out  of 
the  question  to  hope  for  the  complete  extermination  of  the  mosquito. 
But  this  is  not  necessary :  a  reduction  in  the  number  of  mosquitoes  is 
sufficient,  and  this  can  be  effected  with  little  difficulty. 

I  do  not  propose  here  to  enter  into  a  discussion  of  the  factors 
which  govern  the  numbers  and  diffusion  of  Anophelines  in  any  given 
locality,  but  would  refer  those  who  wish  to  study  this  part  of  the 
subject  more  minutely  to  other  scientific  papers,  and  especially  to 
Professor  Ross’s  Report  on  Malaria  in  Mauritius.  But  it  is  self- 
evident  that  the  further  off  a  breeding  place  is  from  an  inhabited 
locality,  the  fewer  mosquitoes  will  reach  the  inhabitants  of  that  spot. 
If  we  have  two  pools  in  the  neighbourhood  of  a  town,  A  at  50  yards 
breeding,  say,  100  Anophelines,  and  B  at  100  yards  breeding  the  same 
number,  if  we  can  so  treat  breeding  pool  A  that  the  Anophelines  do 
not  breed  there,  we  have  diminished  very  largely  the  probabilities  of 
Anophelines  reaching  the  inhabitants  from  the  distant  breeding  pool 
B.  So  that  the  problem  does  not  involve  the  destruction  of 
mosquitoes  over  large  areas,  but  resolves  itself  into  their  extermina¬ 
tion  or  reduction  in  the  immediate  vicinity  of  inhabited  places  ;  and 
it  has  been  shown  by  practical  experience  elsewhere  (see  note  on 
Federated  Malay  States)  that  mere  reduction  is  sufficient  to  cause  a 
large  diminution  in  the  amount  of  malaria.  And  if  to  these  we  add  a 
reduction  in  the  number  of  infected  individuals  by  various  means,  we 
get  a  still  further  proportionate  diminution  in  the  amount  of  malaria. 

(i)  Rivers  and  .  Swamps,  The  first  step,  and  the  most 
important  as  affording  eventually  a  permanent  solution  of  the 
problem,  is  of  course  the  drainage  and  filling  in  of  swamps  in  the 
immediate  vicinity  of  towns.  Most  of  the  principal  towns  are 
situated  at  the  mouth  of  rivers,  and  consequently  are  surrounded  by 
swamps.  But  I  recognise  that  this  is  a  very  large  engineering  question, 
and  if  an  attempt  were  made  to  overtake  it  at  once,  would  involve  an 
expenditure  of  public  money  which  is  out  of  the  question.  So  that 
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1  do  not  advocate  any  extensive  attempt  to  do  this  at  once.  But  1 
do  suggest  that  each  town  should  undertake  the  gradual  filling  up 
the  swamps  in  its  immediate  neighbourhood.  A  special  portion  of 
the  swamp  should  be  selected  and  all  town  rubbish  should  be 
deposited  in  such  spots. 

In  some  places  this  has  been  done  with  great  benefit,  for 
example,  at  Port  Antonio  a  considerable  area  of  the  swamp  has 
been  filled  in  to  form  a  cricket  ground,  and  a  piece  of  ground,  which 
formerly  supplied  thousands  of  mosquitoes,  is  now  solid  ground — a 
most  excellent  piece  of  reclamation.  At  Folly  Point,  too,  by  the 
enterprise  of  a  private  individual,  Mr.  Mitchell,  a  considerable  area 
of  ground  has  been  reclaimed ;  and  I  understand  he  was  anxious  to 
do  more  on  a  piece  of  land  which  was  not  his  own  property,  but  was 
unable  to  obtain  permission  from  the  owner.  This  is  regrettable, 
and  I  think  that  in  such  cases  private  idiosyncrasies  should  not  be 
allowed  to  stand  in  the  way  of  public  improvements.  At  Annotto 
Bay,  too,  a  gentleman,  Mr.  Westmoreland,  is  depositing  his  cocoa-nut 
refuse  on  a  swamp  at  one  side  of  the  town,  which  will  eventually 
have  the  effect  of  reclaiming  this  portion.  These  are  examples  of 
the  object  to  be  kept  in  view,  constant  and  systematic  filling  up  of 
the  swamps,  and  if  the  supervising  boards  will  carry  this  out  much 
will  be  done.  But  it  must  not  be  haphazard,  it  must  be  continuous. 

But  while  this  is  going  on  other  palliative  measures  can  be 
adopted.  Where  there  is  a  tendency  for  the  sea  to  back  up  the 
outlet  of  the  river,  an  endeavour  should  be  made  to  keep  it  open. 
This  will  reduce  the  area  under  water  behind,  and,  if  regularly  done, 
should  not  involve  much  expenditure. 

Then,  I  have  already  pointed  out  that  the  Anophelines  breed  in 
shallow  water  where  there  is  grass  and  weeds.  Therefore,  clear  out 
the  grass  and  weeds,  and  especially  at  the  edges.  A  great  improve¬ 
ment  can  be  effected  by  deepening  the  pools  at  the  edges,  and 
making  a  square  margin  with  rough  stones.  This  should  not  be 
costly  near  the  beach,  where  stones  are  available. 

Where  the  area  of  swamps  is  considerable,  with  scattered  pools, 
a  trench  or  two  will  be  found  beneficial.  A  trench  collects  the  water 
and  is  more  easily  kept  clean  and  treated  than  a  large  area. 

In  somie  instances  it  may  be  practicable  to  admit  salt  water  to 
pools  or  trenches  where  the  level  is  low.  The  possibility  of  this 


should  be  remembered,  as  Anophelmes,  with  very  rare  exceptions, 
do  not  live  in  salt  water. 

So  far  as  rivers  themselves  are  concerned,  the  only  dangerous 
parts  are  the  shallow  grass-grown  edges.  These  should  be  deepened 
where  practicable,  and  in  any  case  cleared  of  weeds.  Of  course  I  am 
referring  solely  to  the  parts  m  the  immediate  vicinity  of  towns  and 
villages.  The  rivers  and  streams  in  country  districts  need  not  be 
dealt  with.  Where  small  shallow  streams  run  through  towns,  they 

must  be  cancilzzs-d ^  so  as  to  confine  the  water  to  a  limited  area  durin*^ 
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the  dry  season.  During  the  rains,  when  the  current  is  strong,  they 
are  not  dangerous. 

But  there  is  another  method  which  is  very  effective  in  pools  and 
all  standing  water,  and  which  should  always  be  adopted  in  addition 
to  the  above  measures.  I  refer  to  the  oiling  of  the  surface  of  the 
water  with  crude  kerosene.  Larvae  have  to  come  to  the  surface  to 
breathe — cover  the  surface  with  a  thin  layer  of  kerosene  oil  and  they 
are  suffocated.  This  alone  will  produce  an  enormous  diminution  in 
the  nmiiber  of  Anophelines.  It  is  especially  applicable  to  Annotto 
Bay,  where  the  pools  are  extensive  and  situated  right  in  the  middle 
of  the  town.  Crude  kerosene  is  cheap  and  it  is  very  easily  applied. 
A  long  stick  with  a  few  rags  on  the  end,  or  a  whitewash  brush  dipped 
in  a  tin  of  crude  kerosene  and  then  splashed  on  the  surface  of  the 
water,  will  form  a  film  over  a  large  area,  and  one  man  could  oil  the 
whole  of  the  pools  in  a  single  day.  As  the  larvae  take,  on  an 
average,  from  five  to  seven  days  to  breed  out,  oiling  twice  a  week 
would  be  sufficient.  I  am  informed  by  Dr.  McCatty,  a  very 
enthusiastic  and  keen  advocate  of  anti-malarial  measures,  that  the 
Parochial  Board  of  Montego  Bay  have  obtained  a  supply  of  crude 
kerosene,  and  that  oiling  the  pools  is  to  be  extensively  carried  out. 

(2)  Treatment  of  shallow  ditches  and  g’utters.  In  towns,  wherever 
it  is  possible,  these  should  be  cemented  as  is  being  done  in  Montego 
Bay,  Savanna-la-Mar,  and  other  places.  A  cemented  gutter  is  easily 
kept  clean.  But  this  work,  of  course,  will  be  gradual,  and  in  the 
meantime  they  must  be  kept  free  from  grass  and  weeds,  and  regularly 
oiled.  The  bottom  should,  so  far  as  possible,  be  levelled  so  as  to 
allow  of  an  even  flow  of  water. 

(3)  Cattle  ponds  caused  by  surface  drainage.  As  a  rule,  these 
are  not  in  the  immediate  vicinity  of  dwelling-houses,  and  in  such 


cases  need  no':  be  troubled  about ;  but  when  they  are,  they  should 
be  dealt  with  on  similar  lines.  Clear  away  all  grass  and  weeds, 
deepen  the  edges,  and  where  possible  form  small  embankments.  Use 
kerosene  oil  when  the  water  is  not  used  as  a  water  supply.  In  certain 
waters  larval-feeding  fishes,  ‘  ticky-tickies,’  &c.,  are  to  be  found. 
These  should  be  encouraged  and  protected  as  far  as  possible,  but 
they  are  a  less  reliable  defence  than  oil. 

(4)  Accidental  and  temporary  pools.  These  should  be  filled  up 
with  earth  or  stones  where  possible  ;  if  not,  oiled  twice  a  week. 

(,5)  Wells.  These  should  be  kept  clean  and  free  from  growths 
round  the  edges,  and  in  addition  should  be  screened  by  being  provided 
with  a  wire  gauze  cover.  It  should  also  be  made  compulsory  to 
screen  all  barrels,  tanks  and  other  receptacles  for  storing  water,  as 
these  breed  other  and  harmful  varieties  of  the  mosquito. 

(6)  Now  we  come  to  drainage  trenches  in  banana  plantations, 
and  1  have  already  indicated  the  treatment.  Keep  them  free  from 
grass  and  weeds,  and  oil  where  necessary.  The  oil  will  not  harm  the 
bananas,  and  cleaning  the  trenches  will  benefit  them.  On  each 
estate  there  should  be  at  least  one  ‘  mosquito  ’  coolie,  whose  sole 
duty  it  should  be  to  oil,  and  to  report  on  all  mosquito-breeding  places. 
It  is  very  simple  to  teach  him  to  recognise  the  haunts  of  the  mosquito, 
and  an  energetic  ‘  busha  ’  will  have  no  difficulty  in  knowing  when  the 
work  is  being  thoroughly  done. 

(7)  Irrigation  canals.  All  that  can  be  done  is  to  keep  the  canals 
clear  of  weeds,  to  so  plan  them  than  the  gradient  is  even,  and  treat 
outlying  pools  with  kerosene. 

Legislation 

But  these  public  measures  will  be  hampered  and  to  some  extent 
neutralised  if  private  individuals  are  to  be  allowed  to  breed  mosquito 
larvae  in  their  compounds.  I  regard  it,  then,  as  imperative,  that 
legislation  should  be  introduced  without  delay,  making  it  a  punish¬ 
able  offence  to  have  mosquito  larvae  in  any  collection  of  water  in  a 
compound,  that  is  to  say,  this  particular  insanitary  condition  should 
be  placed  in  the  same  category  as  any  ordinary  ‘  nuisance,’  which  at 
present  can  be  dealt  with  by  law.  No  doubt  opposition  will  be 


raised  to  this.  We  shall  hear  about  the  hardship  to  the  poor  nati\'e 
and  of  his  inability  to  recognise  mosquito  larvae,  his  ignorance  of 
the  evil  results  which  may  follow,  and  so  on,  but  experience  has 
shown  elsewhere  that  these  difficulties  are  not  met  with  in  practice. 
Every  native  is  familiar  with  the  ‘  wriggler '  in  water,  though  he 
may  not  be  aware  that  it  develops  into  a  mosquito,  and  when  he 
realises  that  the  presence  of  a  barrel  full  of  ‘  wrigglers  ’  in  his  yard 
entails  a  compulsory  visit  to  the  police  court,  and  the  production  of  a 
certain  sum  of  money,  we  may  rest  assured  that  they  will  disappear 
like  magic.  And  it  is  not  as  if  the  suggestion  involved  any  expense  : 
all  that  is  required  is  supervision  on  the  part  of  the  occupier,  the 
frequent  emptying  of  water  barrels  and  other  vessels,  the  dail)' 
sweeping  out  of  hollows  in  the  ground,  and  the  cleaning  of  gutters. 
It  will  not  be  contended  that  this  places  a  serious  burden  on  the 
householder. 

And  though  the  suggestion  may  be  unfamiliar  to  Jamaica,  and 
possibly  therefore  somewhat  unpalatable,  it  is  by  no  means  a  new 
one.  I  was  successful  some  years  ago,  in  Sierra  Leone,  in  getting  a 
clause  included  in  the  Sanitary  Ordinance,  making  it  a  punishable 
offence  to  have  mosquito  larvae  in  a  compound,  and  similar  laws 
have  been  passed  in  other  West  Indian  colonies,  and  are  actually 
being  put  in  force.  Sir  R.  Boyce,  who  has  just  returned  from  visiting 
the  other  colonies,  informs  me  that  prosecutions  are  being  daily 
undertaken,  and  that  fines  of  no  less  than  £2  are  being  inflicted,  with 
the  most  beneficial  results  in  diminishing  mosquitoes. 

A  very  appreciable  diminution  in  mosquitoes  can  then  be  effected 
by  simple  means,  the  principal  cost  at  first  being  {a)  cost  of  kerosene, 
and  (£)  wages  of  a  sufficient  number  of  men  (which  need  not  be  great) 
to  oil  and  keep  down  the  grass  and  weeds.  I  would  therefore 
summarise  the  anti-mosquito  measures  as  follows ;  not  in  the  order 
of  their  importance  but  of  their  practicability :  — 

1.  Make  the  harbouring  of  mosquito  larvae  in  private 
compounds  a  punishable  offence. 

2.  Keep  all  margins  of  rivers,  swamps,  water  channels, 
ditches,  gutters,  ponds  and  pools  free  from  grass  and  weeds. 

3.  Apply  crude  kerosene  regularly  to  all  possible  breeding 
places  of  mosquitoes. 
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4.  Cement  all  gutters  in  towns, 

5.  Screen  all  wells,  tanks,  barrels,  etc. 

6.  Gradually  reclaim  and  drain  swamps  in  the  immediate 
vicinity  of  towns. 

Preventive  Measures  affecting  the  Individual 

We  can  prevent  the  individual  from  becoming  infected  by 
protecting  him  from  being  bitten  by  mosquitoes  already  infected; 
and  we  can  prevent  the  mosquito  from  becoming  infected  by  placing 
obstacles  in  the  way  of  his  biting  individuals  already  infected,  and 
thus  becoming  infected  in  his  turn.  We  thus  diminish  two  sources 
of  danger. 

The  measures  to  be  adopted  come  under  the  head  of  Mechanical 
Prophylaxis,  and  are  mainly  a  matter  for  personal  application :  — 

I.  Use  of  the  mosquito  net.  As  the  habits  of  the  Anopheline 
mosquito  are  mainly  nocturnal,  it  follows  that  if  we  protect  ourselves 
from  the  bites  of  these  animals  during  the  time  we  are  in  bed,  say 
from  ten  to  six,  that  is  to  say,  for  eight  hours  out  of  the  twenty-four, 
we  are  protecting  ourselves  for  a  third  of  our  lives,  and  that,  at  the 
time  when  we  are  most  defenceless  and  liable  to  attack ;  and  yet  I 
was  astonished  to  find  that  in  Jamaica  the  use  and  value  of  the 
mosquAo  net  was  so  little  appreciated,  and  that  its  use  was  not 
carried  out  in  a  satisfactory  and  efficient  manner.  I  can  only  recall 
one  single  instance  in  which  it  was  properly  used,  that  is,  hung  inside 
the  mosquito  poles,  so  as  to  permit  of  its  being  tucked  underneath 
the  mattress. 

Occasionally,  when  I  suggested  the  use  of  the  mosquito  net,  I 
was  met  by  the  answer,  ‘  Oh,  there  are  not  many  mosquitoes  here, 
and  they  don’t  touch  me.’  But  one  infected  mosquito  is  sufficient  to 
do  the  mischief,  and  surely,  apart  from  comfort,  an  elementary  precau¬ 
tion  of  this  kind  should  not  be  neglected,  especially  in  the  hotels.  I 
was  assured  in  one  hotel  that  there  were  no  mosquitoes,  but  I  was 
kept  awake  for  some  hours,  until  apparently  all  those  in  the  room 
had  had  sufficient  nourishment,  when  I  succeeded  in  falling  into  a 
troubled  slumber. 

The  use  of  the  mosquito  net,  then,  as  a  personal  protection  in 
malarious  localities,  is  one  which  should  never  be  neglected  by  those 
able  to  afford  it. 


But  obviousl}/  this  measure  is  one  of  limited  application.  The 
mass  of  the  general  native  population  cannot  provide  themselves  with 
mosquito  nets  on  account  of  the  expense,  nor  can  it  be  expected  that 
the  Government  should  do  so. 

2.  The  same  consideration  applies  to  some  extent  to  the  next 
method,  the  use  of  houses  or  rooms  made  mosquito  proof  by  means 
of  wire  gauze.  1  his  is  undoubtedly  one  of  the  most  effective  of  the 
methods  of  mechanical  prophylaxis,  and  has  been  adopted  extensively 
in  Italy,  and  to  some  extent  in  West  Africa  and  other  highly 
malarious  parts  of  the  world.  It  is  out  of  the  question  applying  it 
generally,  but  there  are  certain  directions  in  which  its  use  would  be 
of  value,  and  would  eventually  result  m  an  economy  to  the 
Government. 

Police  Stations 

Among  these.  Police  Stations  may  be  mentioned.  It  has  already 
been  tried  at  Port  Henderson,  but  it  should  be  universally  adopted 
at  all  police  stations  where  the  percentage  of  malarial  attacks  among 
the  constables  is  high.  These  will  be  readily  seen  from  Table  VIII : 
Morant  Bay,  Port  Antonio,  Buff  Bay,  Port  Maria,  Annotto  Ba)  r.  Green 
Island,  Savanna-la-Mar,  Black  River,  Many  Pen,  Alley,  and  Old 
Harbour,  as  being  the  most  unhealthy,  might  be  among  the  first 
protected.  The  expense  of  wire  gauze  is  not  great,  and  the  beneficial 
results  in  increased  efficiency  would  be  most  marked. 

Public  Hospitals 

Another  series  of  public  buildings  which  ought  to  be  dealt  with 
in  a  similar  way  in  certain  localities  are  the  Public  Hospitals,  and  I 
observed  in  the  Medical  Report  for  igo8,  that  provision  has  been 
made  in  the  estimates  for  doing  this  to  some  extent.  In  Annotto 
Bay,  for  example,  it  is  almost  criminal  to  collect  and  house,  in  open 
wards,  or  worse  still  in  tents,  in  the  middle  of  a  populous  town, 
malarial  cases  from  all  parts  of  the  district,  with  an  extensive 
Ancpheline  breeding  pool  within  a  hundred  yards.  No  better  device 
for  encouraging  the  spread  of  malaria  can  be  conceived,  and  it  is 
hardly  fair  that  the  inhabitants  of  the  place,  in  addition  to  their  own 
malaria,  should  have  extraneous  sources  of  infection  brought  to  their 
very  doors. 


I  (ibserve  that  the  experiment  of  screening  Port  Antonio  liospital 
was  tried,  but,  i  understand,  was  abandoned  because  the  wire  gauze 
was  interfered  with  by  the  patients.  But  surely  this  is  a  matter  for 
supervision  and  care. 

I  venture  to  think  it  essential  that  the  Port  Antonio  Plospital, 
full  of  malarious  patients  (see  Medical  Reports),  situated,  as  it  is,  on 
the  ridge  on  which  the  hotel  and  the  principal  dwellings  are  built, 
should  be  thoroughly  screened  on  account  of  the  danger  to  the 
general  public. 

Coolie  Barracks 

A  third  situation  in  which  protection  by  wire  gauze  should  be 
seriously  considered  is  Coolie  Barracks.  I  am  aware  that  it  will  be 
urged  that  the  habits  and  intelligence  of  the  average  coolie  will 
render  this  difficult  if  not  impracticable,  but  after  all,  this  is  largely 
a  question  of  custom.  At  first  no  doubt  there  would  be  damage,  but 
with  careful  supervision,  and  as  the  coolie  becomes  accustomed  to 
it,  I  am  convinced  that  the  difficulty  would  disappear. 

Even  a  hundred  and  thirty  years  ago  the  health  of  employes  was 
a  matter  of  concern  to  the  planters,  for  I  came  across,  in  the  History 
of  Jamaica,  already  quoted,  the  following  pregmant  remarks,  which 
are  as  applicable  now  as  then  :  — 

‘  Those  whom  fortune  has  blest  with  abundance  should  be  studious 
‘  to  preserve  the  lives  of  their  dependents  whose  poverty  is  their 
‘  greatest  crime.  The  cruelty  of  exposing  the  lives  of  men  to  sickness 
‘  or  death  by  restricting  them  to  live  in  wretched  hovels  or  in 
‘  unhealthy  spots  needs  only  to  be  pointed  out  in  order  to  be  relieved. 
'  The  natural  generosity  and  benevolent  disposition  of  the  planters 
‘  will  immediately  lead  them  to  administer  the  certain  remedy 
‘  although  it  may  be  attended  at  first  with  some  extraordinary 
‘  expense  to  them.’ 

If  some  public-spirited  employer  in  Jamaica  will  carry  out  the 
experiment  thoroughly  and  will  carefully  and  accurately  note  the 
result,  I  am  sure  that  the  striking  improvement  which  will  be 
effected  will  lead  others  to  follow  his  example. 

There  are  several  minor  personal  matters,  such  as  anointing  the 
body  with  various  oils  or  ointments  to  prevent  mosquitoes  biting, 
fumigation  of  rooms  by  special  preparations,  etc.,  but  these  are 
unreliable  and  not  likely  to  be  of  general  application  so  that  they 
need  not  be  considered  in  detail. 


Quinine  Administration 

3.  But  there  is  a  third  method  of  prevention  as  applied  to  the 
individual,  which  is  simple,  inexpensive,  effective  and  of  easy  general 
application.  I  refer  to  the  preventive  administration  of  quinine. 

Although  the  curative  effect  of  quinine,  or  rather  of  the  bark  from 
which  it  is  extracted,  namely  cinchona,  has  been  known  since  the 
17th  century,  attention  has  only  been  drawn  to  its  extreme  value  as 
a  preventive  of  recent  years,  but  it  was  evidently  well  known  to  the 
old  Jamaicans.  ‘  Strangers  newly  arrived  in  such  places  and  those 
who  are  constitutionally  subject  to  agues  should,  during  the  sickly 
season,  take  every  other  night,  two  or  three  teaspoonfuls  of  tincture 
sacra  or  a  few  grains  of  pilula  rufi,  not  sufficient  to  purge  but  only  to 
keep  the  body  pretty  open,  and  for  further  prevention  a  wineglassful 
of  the  infusion  of  bark  and  orange  peel  in  water,  or  a  tablespoonful 
of  a  strong  tincture  of  bark  may  be  taken  diluted  with  water 
occasionally  in  the  morning  before  breakfast  ’  (History  of  Jamaica, 

As  far  back  as  1891  I  advocated  in  the  ‘Lancet’  the  daily  use 
of  quinine  as  a  preventive,  and  with  every  year’s  residence  on  the 
West  Coast  of  Africa  I  was  more  convinced  of  its  efficiency,  and  it 
was  very  striking  to  observe  the  immunity  from  malarial  fever  which 
was  enjoyed  by  those  who  took  it  regularly,  as  compared  with  those 
who  did  not. 

A  reference  to  the  section  dealing  with  Italy  will  show  the 
remarkable  results  which  have  been  obtained  there. 

It  is  sometimes  suggested  that  the  long  continued  use  of  quinine 
has  a  deleterious  effect,  but  as  a  matter  of  actual  experience  this  is 
not  found  to  be  the  case.  On  the  contrary,  the  small  doses  required, 
generally  act  as  a  tonic.  Nor  does  practical  experience  support  the 
objection  that  larger  doses  will  be  required  during  the  attack  of 
fever  if  one  is  habituated  to  the  drug. 

Two  methods  of  quinine  prophylaxis  are  recommended,  first,  the 
administration  of  fifteen  grains  twice  a  week,  and,  second,  the  daily 
use  of  five  grains.  In  my  experience,  the  first  method,  though 
efficacious,  if  regularly  carried  out,  is  unsuccessful  in  practice,  as  it  is 
rarely  adhered  to.  Fifteen  grains  of  quinine  will  produce  in  most 
individuals  unpleasant  symptoms  of  cinchonism,  headache,  buzzing  in 
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the  ears,  etc. ;  it  is  apt  to  be  forgotten  and  taken  irregularly,  and  is 
eventually  given  up.  On  the  other  hand,  I  have  had  no  difficulty  in 
persuading  people  to  take  the  smaller  daily  dose  and  have  seen  no 
bad  effects  from  it.  The  action  of  the  quinine,  of  course,  is  its 
poisonous  effect  on  the  malarial  parasites,  and  the  immature  stages, 
more  especially  that  which  is  injected  from  the  salivary  glands  of 
the  mosquito,  appear  to  be  more  susceptible  than  the  adult  forms, 
which  require  larger  doses. 

I  may  consider  briefly  the  administration  of  quinine  to  different 
sections  of  the  population:  — 

(a)  The  Police 

Here  we  have  to  deal  with  a  disciplined  body,  under  easy 
control,  and  the  problem  is  simple.  With  a  force  of 
1,146  station  officers  and  men  in  igo8  (according  to  the  figures 
supplied)  a  daily  dose  of  five  grains  would  require  4,803  ounces  of 
quinine.  At  a  wholesale  cost  of  is.  an  ounce  this  would  involve  an 
expenditure  of  £2Ap  per  annum  approximately  if  given  to  every 
man— considerably  less  than  it  costs  to  keep  the  men  in  hospital. 
But  it  will  not  be  necessary  to  administer  quinine  universally.  Many 
of  the  stations,  as  shown  in  Table  VIII,  are  free  from  malaria,  so 
that  the  regular  administration  of  quinine  at  those  stations  is  not 
necessary,  unless  for  limited  periods,  in  the  case  of  men  transferred 
from  malarious  localities.  Consequently  the  cost  will  be  considerably 
below  that  stated. 

Here,  again,  a  systematic  method  must  be  adopted.  There 
should  be  a  daily  morning  quinine  parade  at  which  each  man  should 
be  compelled,  unless  exempted  by  the  Medical  Officer,  to  swallow 
five  grains  of  quinine.  This  should  be  done  under  the  personal 
supervision  of  the  sergeant-in-charge,  and  the  District  Inspector 
should  occasionally  himself  superintend.  A  Quinine  Book,  ruled  in 
columns  for  each  day  of  the  month,  should  be  kept,  and  an  entry 
made  opposite  the  name  of  the  constable.  When  not  taken,  a  note 
should  be  made  of  the  reason  for  non-administration. 

A  monthly  return  should  be  sent  in  to  the  Inspector-General 
showing  the  number  of  doses  given,  the  number  of  men  off  duty  from 
malaria,  the  average  daily  sick  in  hospital  from  malaria,  and  the 
proportion  of  daily  sick  from  malaria  to  daily  strength.  This  would 
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afford  an  accurate  comparison  between  successive  months  and  years. 

In  cases  where  men  suffer  from  actual  attacks  of  malaria,  they 
should  be  kept  for  considerable  periods  in  hospital,  and  treated  with 
large  doses  of  quinine  for  a  lengthened  time  so  as  to  kill  all  parasites. 

Of  course,  the  effect  will  not  be  immediate,  as  so  many  men  are 
already  infected,  and  recurrences  will  be  frequent,  but  as  these  die 
out,  and  primary  infections  are  prevented,  there  will  be  a  marked 
diminution  in  the  number  of  inefficients  from  this  cause. 

(d)  Indentured  Coolies 

Here  again  we  have  a  body  of  men  who  are  under  definite 
regulations,  and  under  a  certain  amount  of  control,  and  to  whom  the 
preventive  administration  of  quinine  should  not  present  any  difficulty. 

This  experiment  has  already  been  tried  on  the  recommendation 
of  the  Superintending  Medical  Officer,  but  evidently  it  has  not  been 
given  a  fair  trial  or  carried  out  in  a  systematic  and  thorough  manner. 

I  observe  in  the  report  for  1907,  a  number  of  estates  mentioned, 
with  the  quantities  of  free  quinine  which  were  issued  to  them,  and  I 
have  calculated  the  amount  of  quinine  which  should  have  been  used 
on  one  or  two. 

On  Wentworth  estate,  46  ounces  of  quinine  were  issued.  On  that 
estate  in  1907  the  average  daily  number  of  male  coolies  employed 
was  31,  requiring  a  daily  consumption  of  155  grains  at  five  grains 
per  man,  or  an  annual  consumption  of  a  little  over  129  ounces.  130 
ounces  at  is.  would  cost  £()  los.,  and  even  if  the  malaria  could  only 
be  diminished  by  one-third,  it  would  more  than  repay  the  cost  to  the 
Government. 

At  Trinity,  with  an  average  daily  number  of  14  men,  eight  ounces 
were  used  instead  of  58. 

At  Low  Layton,  with  21  men,  seven  ounces  instead  of  87;  at 
Amity  Hall,  with  an  average  of  44  men,  39  ounces  instead  of  183  ; 
at  Frome,  with  20  men,  two  ounces  instead  of  83. 

I  need  not  labour  this  point,  but  it  is  quite  evident  that  quinine 
could  not  have  been  regularly  given,  and  unless  this  is  done,  it  is  a 
sheer  waste  of  money. 

A  systematic  method  is  here  required  also. 

There  should  be  a  morning  parade  under  the  personal  supervision 
of  a  '  busha  ’  or  book-keeper  ;  a  carefully  kept  quinine  register  ;  and 


a  record  of  all  absences  from  work  on  account  of  malaria  as  already 
suggested.  It  is  useless  relying  on  native  Indian  overseers,  at  first 
at  any  rate,  until  they  begin  to  appreciate  the  benefits,  but  I  am 
sure  it  is  not  impossible  to  find  in  Jamaica  keen,  enthusiastic  and 
energetic  ‘  bushas,’  who  will  see  that  this  method  is  given  a  fair  and 
thorough  trial. 

(c)  School  Children 

I  have  already  shown  that  children  are  the  principal  carriers 
of  the  malarial  parasite,  and  that  the  prevalence  of  malarial 
infection  can  be  arrived  at  by  ascertaining  the  percentage 
of  enlarged  spleens.  It  is  evident,  therefore,  that  if  we  can  diminish 
the  number  of  infected  children  we  largely  diminish  the  possibilities 
of  the  general  infection. 

And  in  the  schools  of  the  Colony  we  can  get  at  the  children.  In 
discussing  the  matter  with  the  Superintending  Inspector  of 
Education,  he  was  inclined  to  believe  that  the  cost  of  cinchonising  ■ 
the  whole  school  population  would  be  prohibitive.  But  here,  again, 
we  can  limit  the  application.  A  considerable  number  of  schools  are 
situated  in  non-malarious  districts,  and  can  be  excluded,  only  actual 
cases  of  malarial  fever  in  such  districts  when  introduced,  being 
thoroughly  treated. 

And  even  in  the  malarious  districts  I  would,  in  the  first  instance 
at  any  rate,  suggest  the  limitation  of  the  quinine  administration  to 
children  with  enlarged  spleens.  Now,  this  will  involve  the  periodic 
examination  of  the  school  children,  and  this  is  one  of  the 
recommendations  which  I  have  already  urged  upon  the  Government. 
It  will  then  be  possible  to  determine  from  time  to  time  the  number 
of  infected  children  and  the  effect  of  the  quinine  administration. 

The  school-master  would  be  supplied  with  this  register,  and  it 
would  be  his  duty  to  administer  a  daily  dose  of  quinine  to  all 
infected  children,  noting  the  amount  in  his  register,  absences  from 
school,  and  any  reasons  for  non-administration.  No  infected  child 
should  be  exempted,  except  on  a  medical  certificate. 

The  cost  will  be  further  diminished  in  the  cases  of  children  by 
the  fact  that  a  smaller  dose  of  quinine  is  required.  The  daily  dose 
may  be  approximately  as  follows: — Up  to  three  years,  i  grain; 
three  to  six,  2  grains ;  six  to  eight,  3  grains  ;  eight  to  twelve,  4 
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grains;  and  over  twelve,  5  grains.  In  certain  cases  of  immature  or 
undersized  children,  the  dose  would  have  to  be  lessened,  and  this 
would  be  determined  by  the  Medical  Officer.  It  is  a  question  rather 
of  bulk  than  of  age. 

In  the  case  of  coolie  children  not  attending  school,  the 
administration  would  be  supervised  by  the  ‘  busha  ’  at  the  same  time 
as  the  morning  administration  to  the  adult  male  and  female  coolies. 

As  to  the  form,  it  is  probable  that  chocolate  comfits  as  issued  by 
the  Italian  Government  will  be  found  most  palatable  and  most 
readily  taken  by  children. 

(d)  General  Population 

Here  the  question  is  more  difficult.  We  cannot  force  them  to 
take  it  but  we  can  place  them  in  the  way  of  getting  it  readily,  and  [ 

experience  elsewhere  has  shown,  that  the  lower  classes  very  soon  ! 

learn  to  appreciate  the  beneficial  results  of  the  quinine,  and  apply 
for  it  freely. 

There  are  three  points  which  experience  has  taught  must  be 
insisted  on:  — 

I  st.  That  it  should  be  given  gratuitously ; 

2nd.  That  it  must  be  brought  directly  to  the  notice  of  the 
people ; 

5rd.  It  must  be  given  in  sufficient  quantity. 

I.  With  reference  to  the  first,  I  quite  expect  that  the  objection  of 
‘  pauperising  ’  the  people  will  be  raised.  But  the  people  are  already  : 

pauperised  by  malaria.  No  man  (nor  woman)  can  work  well  with  ' 

his  blood  thinned  by  malaria,  and  an  anaemic  pigment-clogged  brain.  !  i 

I  visited  a  large  number  of  the  peasant  dwellings  of  Jamaica,  and  it 

seemed  to  me  that  there  was  a  very  large  amount  of  real  poverty  in  the  | 

Island.  Though  the  people  might  have  enough  to  eat,  of  the  plainest  "  ■ 

and  most  monotonous  description,  there  appeared  to  be  little  hard  ■ 

cash,  and  this  view  was  corroborated  by  clergymen  and  others.  | 

I  must  confess  to  having  felt  a  great  sympathy  with  those  unfortunate  ' 

people  in  the  ‘bush,’  more  especially  the  women  and  children,  and  j 

a  great  admiration  for  the  patient,  cheerful,  philosophic  way  in  which 
they  endured  their  illnesses.  There  was  an  uncomplaining  fatalism 
about  them  which  was  most  pathetic.  They  looked  upon  their  ills 
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as  dispensations  of  Providence,  which  they  had  not  the  means  to 
cure,  and  which  must  therefore  be  endured  as  best  they  could.  And 
if  the  gratuitous  administration  of  quinine  will  alleviate  their 
hardships,  I  can  hardly  believe  that  it  will  be  withheld. 

2.  The  second  point  is  that  the  supply  must  be  placed  in  such  a 
position  as  to  be  easily  available ;  it  must  be  forced  on  the  attention 
of  the  people.  It  is  no  use  saying  that  quinine  can  be  had  by  applying 
to  the  Dispenser  at  Falmouth  or  Annotto  Bay,  or  any  of  the  other 
Hospitals.  That  will  serve  very  well  for  the  inhabitants  of  the 
locality ;  but  a  woman  with  fever  is  not  going  to  tramp  five  or  ten 
miles  for  doses  of  quinine,  or  if  she  gets  one  supply,  she  will  not 
trouble  about  the  next. 

And  there  is  already  an  identical  example  of  this  in  the  Island 
in  the  case  of  yaws.  This  disease  is  very  amenable  to  treatment,  and 
medicine  is  supplied  free.  But  to  be  effective,  it  must  be  taken 
continuously,  and  I  found  that  one  bottle  would  be  taken,  and  then 
it  would  be  discontinued  until  the  individual  happened  to  be  again 
in  the  neighbourhood  of  the  supply.  Hence  the  effect  is  lost,  and 
there  is  a  considerable  waste  of  public  money. 

3.  It  must  be  given  in  sufficient  quantity.  In  a  family  of  four,  for 
example,  father,  mother  and  two  children  of  eleven  and  seven,  say, 
living  in  a  malarious  district,  enough  must  be  given  to  allow  them 
to  take  17  grains  a  day,  and  it  should  be  carefully  explained  to  them 
how  they  are  to  take  it. 

To  give  them  half  an  ounce  and  to  expect  it  to  last  a  month  would 
be  not  only  useless,  as  a  preventive,  but  a  waste  of  money. 

Consequently  some  machinery  for  distribution  is  necessary. 

The  best  method  is  by  the  appointment  of  Quinine  Dispensers 
for  various  malarious  districts,  whose  duties  would  be  to  visit  the 
various  hamlets,  to  make  house-to-house  visitations  to  find  out  the 
people  who  suffer  from  fever,  to  explain  the  proper  method  of  taking 
quinine,  and  to  report  to  the  Medical  Officer  acute  attacks  of 
malarial  fever.  There  is  no  reason  why  they  should  not  distribute 
at  the  same  time  the  medicine  for  yaws,  or  for  another  scourge  of 
the  children  of  the  Island,  worms. 

They  would  in  the  first  place  receive  tuition  as  to  the  method  of 
admin  stering  cu  nine,  the  recognition  of  cases  of  fever,  and  of 
enlarged  spleens,  and  should,  I  think,  be  under  the  control  of  the 
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District  Aledical  Officer  to  whom  they  would  report  as  to  work  done, 
itinerary,  cases  seen,  etc. 

An  alternative  method,  but  less  satisfactory,  because  it  would  not 
include  house-to-house  visitation,  would  be  to  place  the  distribution 
in  the  hands  of  the  clergymen  and  the  police.  I  am  sure  that  the 
former  would  be  only  to  anxious  to  assist  in  every  possible  way, 
though  their  time  is  taken  up  by  many  other  important  duties. 

Space  will  not  allow  me  to  go  into  details  as  to  rules  and 
regulations  for  such  a  service,  but  there  are  one  or  two  points  which 
1  may  mention. 

In  the  first  place.  Government  quinine  should  be  in  such  a  form 
as  to  render  it  easily  distinguishable  from  other  quinine.  If  in  the 
form  of  pills  or  tablets  it  may  be  tinted,  but  probably  the  form  used 
in  Italy,  namely,  the  tablets  of  quinine  made  up  with  chocolate, 
would  be  the  most  serviceable. 

Of  course  there  must  be  certain  restrictions  and  penalties,  and 
the  sale  by  dispensers  or  others  should  be  entirely  forbidden.  But 
the  regulations  must  be  as  simple  as  possible,  otherwise  too  many 
restrictions  will  defeat  the  object  of  the  service,  and  a  certain 
unavoidable  leakage  must  be  allowed  for. 

As  to  the  well-to-do  there  is  no  reason  why  they  should  not  obtain 
their  quinine  from  the  same  sources  as  they  now  do. 

Quinine  during  acute  attacks. 

And  now  a  word  in  passing  as  to  the  quinine  treatment  of  fever. 
I  have  passed  a  considerable  period  of  my  life  in  the  midst  of 
malaria,  often  of  the  most  malignant  types,  and  if  I  may  venture  a 
humble  word  of  criticism,  I  may  say  that  I  was  much  struck  with  the 
comparatively  small  doses  of  quinine  administered  during  fever  in  the 
Island.  I  am  certainly  inclined  to  advocate  the  administration  of  con¬ 
siderable  doses,  lo  to  15  grains,  two  or  even  three  times  a  day, 
according  to  severity,  as  being  more  likely  to  thoroughly  kill  off  the 
parasites,  and  thus  limit  the  period  of  infection,  and  as  some  stages  of 
the  parasite  are  more  resistant  than  others,  it  is  important  that  quinine 
in  considerable  doses  should  be  continued  for  a  considerable  time 
after  the  febrile  manifestations  have  ceased.  Consequently  in  the 
cases  of  police  and  coolies,  they  should  be  kept  in  hospital  for  rather 
longer  periods,  or  some  superior  officer  should  see  that  their  doses 
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of  quinine  are  taken  in  the  quantities  ordered  by  the  Medical  Officer. 
By  this  means  recurrences  v/ill  be  rendered  less  frequent  and  chronic 
infections  with  enlarged  spleen  will  disappear. 

X.  ANTI-MALARIAL  ORGANISATION 

1  have  thus  gone  somewhat  fully  into  the  preventive  measures 
which  experience  has  shown  to  be  beneficial  as  regards  the  reduction 
of  malaria,  and  have  indicated  those  which  are  specially  applicable 
to  Jamaica ;  and  the  question  of  the  machinery  by  which  they  are 
to  be  carried  out  must  now  be  considered.  If  any  plan  of  campaign 
is  to  be  carried  out  persistently  and  systematically,  some  form  of 
organisation  must  be  provided,  and  this  applies  equally  to  the  war 
against  disease.  Our  efforts  must  be  properly  directed  if  they  are 
to  be  effective. 

But  the  machinery  must  not  be  complicated  or  expensive,  and 
the  following  brief  sketch  indicates  the  lines  which  in  my  opinion 
should  be  followed. 

1.  First  there  should  be  a  Central  Malarial  Board  to  sit  in 
Kingston.  It  should  consist  of  members  from  various  localities, 
and  the  medical  profession  should  be  largely  represented  on  it.  No 
doubt  the  secretarial  work  of  the  Board  could,  with  advantage,  be 
done  by  the  Medical  Department. 

The  Board  would  formulate  a  plan  of  campaign,  consider  the 
works  and  methods  to  be  adopted  in  various  localities,  estimate  cost, 
consider  the  legislation  required,  and  receive  and  collate  all  statistics 
and  reports  as  to  work  done. 

2.  Local  Boards  to  report  and  recommend  to  Central  Board,  and 
to  carry  out  the  measures  decided  on.  Their  Medical  Officer  should 
be  ex-officio  a  member  of  the  Local  Board. 

3.  Staff  of  Local  Boards  : — 

(a)  Medical  Officer.  The  question  as  to  whether  this  work  can 
be  carried  out  by  the  District  Medical  Officer  will  have  to  be 
considered.  In  some  districts  it  would  be  an  advantage,  in  others  it 
seems  to  me  that  their  time  is  already  so  much  occupied  with  other 
duties  that  they  would  be  unable  to  give  the  necessary  supervision. 
The  duties  of  the  Medical  Officer  would  be  general  inspection  of  the 
malarial  district,  general  supervision  of  the  men,  medical  examination 
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of  children  (splenic  census),  periodical  visits  to  the  schools, 
collection  of  statistics  as  regards  malaria,  and  preparation  of  reports 
as  to  work  done  and  results.  This  sounds  extensive,  but  a  good  deal 
of  the  work  is  overlapping. 

(d)  Mosquito  gangs :  These  would  vary  in  size  according  to 
locality,  and  would  be  controlled  by  a  headman  of  intelligence,  of 
whom  there  is  no  lack  in  Jamaica.  It  is  important  that  they  should 
have  a  distinctive  badge,  and  that  their  authority  should  be  upheld  and 
respected. 

Their  duties  would  be  principally  — 

1.  Clearing  pools  and  swamps  of  weeds. 

2.  Deepening  shallow  pools  and  swamps  where  feasible. 

3.  Filling  up  depressions. 

4.  Oiling  collections  of  water. 

5.  Inspecting  yards. 

6.  Serving  summonses  for  contraventions. 

(r)  Quinine  Dispenser :  Duties  already  detailed. 

XI.  COST 

I  have  not  the  material  at  my  disposal  to  give  an  estimate  of  the 
cost  of  the  measures  which  I  have  recommended,  but  I  am  sure  that 
it  will  not  be  found  to  be  prohibitive,  and  it  has  this  great  recom¬ 
mendation,  that  as  malaria  diminishes,  though  some  of  them  must  be 
permanent,  others  will  become  unnecessary,  and  expenditure  will 
diminish.  If  we  are  to  judge  of  the  results  elsewhere,  a  systematic 
campaign  against  malaria  will  in  ikree  years  effect  such  a  large 
reduction  that  there  will  be  an  enormous  saving  to  the  Government  in 
hospital  treatment  alone. 

XII.  EDUCATION  IN  SANITATION  AND  HYGIENE 

Lastly,  there  is  a  matter  to  which  it  is  necessary  that  attention 
should  be  drawn,  and  that  is  Sanitary  Education.  Adults  should  be 
attacked  by  means  of  pamphlets  and  circulars  drawing  attention  to  the 
evils  of  Malaria  and  the  simple  methods  of  its  prevention,  and  the 
vast  influence  of  the  clergy  can  be  utilised  to  no  better  purpose  than 
by  preaching  at  all  seasons  the  gospel  of  cleanliness  and  sanitary 
surroundings.  1  make  a  strong  appeal  to  them  for  their  assistance. 
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Adults,  however,  are  sometimes  difficult  to  move,  their  ideas  are 
more  or  less  fixed,  and  their  convictions  too  settled. 

But  get  hold  of  the  children. 

I  was  much  struck  by  seeing  in  the  schools  a  series  of  practical 
‘  Don’ts  ’  dealing  with  every-day  life,  which  was  introduced  by  His 
Grace  the  Archbishop.  Add  to  this  some  Sanitary  '  Don’ts  and  Do’s.’ 
Hammer  into  their  infantile  heads  the  simple  facts,  ‘  Don’t  have 
wrigglers  in  your  yard,’  ‘  Do  get  rid  of  Mosquitoes,’  until  they  become 
part  and  parcel  of  their  intelligence,  and  they  will  never  forget  the 
lessons  thus  learned. 

The  children  of  this  generation  are  the  adults  of  the  next,  and  if 
we  can  now  instil  into  their  minds,  at  its  most  receptive  stage  of 
growth,  the  great  truths  of  Sanitary  Science,  we  shall  have,  within  a 
few  years,  thousands  of  intelligent  adults,  who  will  appreciate  and  be 
fully  prepared  to  carry  out,  for  their  own  sakes,  the  necessary  measures 
to  make  Jamaica  what,  with  its  exquisite  climate  and  enormous 
natural  advantages,  it  ought  to  be,  a  Sanitary  Paradise. 


XIII.  SUMMARY  OF  RECOMMENDATIONS 
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Table  i.  Showing  areas  in  square  miles  at  different  elevations  in  each  parish 


Parishes 

Area 

below 

1,000 

feet 

1 ,000  to 
2,000 
feet 

2,000  to 
3,000 
feet 

3,000  to 
4,000 
feet 

4,000  to 
5,000 
feet 

5,000 

feet 

and  over 

Total 
areas  in 
square 
miles 

Kingston  . 

.  6.V 

Hi 

7t 

St.  Andrew  . 

.  59 

54 

27 

17* 

8 

]. 

166 

St.  Thomas  . 

.  135 

59 

35 

20 

>4 

I  I 

274 

Portland  . 

.  94 

89 

40 

32^ 

17 

izh 

285 

St.'Mary  . 

I  16 

19 

4 

— 

249 

St.‘  Ann  . 

8s 

337 

54 

_ 

— 

476 

Trelawny  . 

.  166 

135 

32 

— 

— 

_ 

333 

St.  James  . 

.  139 

90 

5 

— 

— 

_ 

234 

Hanover  . 

6 

_ 

_ 

1 67 

Westmoreland  . 

.  23s 

73 

— 

_ 

_ 

_ 

308 

St.  Elizabeth  . 

.  335 

120 

7 

— 

_ 

_ 

462 

Manchester  . 

.  42 

134 

126 

— 

_ 

_ 

302 

Clarendon  . 

.  314 

>15 

45 

— 

_ 

_ 

474 

St.  Catherine  . 

.  336 

124 

10 

— 

— 

— 

470 

Totals  . 

1)452 

400 

74 

39 

24 

4,207^ 

Tablk  z.  The  Island  Monthly  Rainfall  from  1880  to  1905 
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Table  3.  Annual  Rainfall  for  each  Rainfall  Division  in  Jamaica 


year 


1870. 

1871.. 

1872.. 

1873.. 

1874.. 

1875.. 

1876.. 

1877.. 

1878.. 

1879.. 


Means  , 


1880. 

1881. 

1882. 

1883., 

1884., 

1885., 

1886., 

1887., 

1888., 

1889., 


Rainfall  Divisions 


N.E.  Division 


in. 

iiO'6o 

69-45 

59-42 

84-08 

97-18 

71-89 

90-38 

100-72 

104-12 

122-55 


91-04 


N.  Division 


W.C.  Division  S.  Division 


in. 

83-09 

41-88 

40-79 

52-64 

68-25 

47-15 

54-71 

56-53 

62-99 

65-44 


57-34 


102-98 

54-56 

51-50 

67-79 

62-97 

56-16 

87-33 

64-06 

72-44 

87-54 


61-07 

34-46 

29-02 

47-71 

47-35 

34-47 

52-99 

52-27 

66-11 

79-85 


The  Island 


70-73 


50-53 


76-37 

47-01 

64-91 

33-47 

91-24 

49-42 

75-32 

58-42 

65-48 

43-76 

78-59 

43-67  i 

72-30 

41-52 

78-19 

45-02 

69-00 

41-87 

73-10 

43-63 

70-55 

52-77 

72-62 

43-52 

126-61 

60-98 

88-21 

86-64 

80-25 

61-07 

80-14  1 

61-16 

98-00 

70-43 

65-58 

99-81 

56-82 

75-94 

64-02 

m. 

89-43 

50-09 

45-18 

63-06 

68-94 

52-42 

71-35 

68-40 

76-42 

88-84 


67-41 


55- 44 

68-60 

57-87 

59-26 

56- 90 
59-86 
90-61 
70-66 
72-11 


Means . 

84-96 

50-96 

'  1 

1  75-74  1 

66-54 

54-51 

i8qo . 

75-09 

1 10-56 

101- 55 
106-50 

90-56 

97-38 

95-42 

93-95 

102- 92 

48-29 

66-71 

58-ro 

63-17 

54-04 

56-35 

54-90 

58-25 

52-44 

61-31 

89-91 

1891 . 

44-41 

64-42 

1802 . 

100-50 

82-05 

108-66 

61-03 

84-70 

iSq'? . 

50-29 

73-00 

1894 . 

67-65 

86-49 

i8qc . 

95-93 

85-38 

78-31 

95-46 

84-26 

101-28 

61-01 

75-39 

1896 . 

47-36 

71-62 

i8q7 . 

45-79 

68-61 

i8qS . 

62-67 

77-59 

rSoQ . 

55-67 

73-82 

68-62 

85-82 

Means . 

98-60 

57-36 

92-17 

56-45 

76-15 

iqoo . 

96-91 

107-88 

95-97 

88-46 

50-67 

64-18 

58-78 

79-84 

87-31 

89-75 

82-83 

IQOI . 

51-15 

69-65 

1002 . 

64-50 

80-96 

1903 . 

49-14 

73-37 

1 904 . 

51-05 

63-72 

51-17 

68-38 

igoc . 

1 12-91 

104-40 

72-35 

88-15 

1906 . 

01-33 

56-25 

94-23 

72-31 

85-20 

loo'go 

79-96 

86-71 

341 


Table  4.  Average  Annual  Temperatures  at  different  elevations  in  Jamaica 


Elevation  above 
sea-level 

Mean 

Max. 

Min 

Feet 

0 

78-8 

87-5 

70-8 

500 

77-1 

85-1 

69-8 

IjOOO 

'  75-3 

82-8 

68-6 

1,500 

73-6 

8o-6 

67-4 

2,000 

72-0 

78-6 

66-1 

2,500 

70-3 

767 

647 

3,000 

687 

74-9 

63‘3 

3,500 

67-1 

73-2 

617 

4,000 

65-5 

71-6 

6o-i 

4,500 

64-0 

70-1 

58-5 

5,000 

62-4 

68-8 

56-8 

5,500  1 

6i-o 

67-5 

55-0 

6,000  j 

59-5 

66-3 

53‘i 

6,500 

58-0 

65-2 

51-2 

7,000 

56-5 

64-3 

49'3 

7,500 

55-1 

63-6 

47-3 

Range 


167 

i5'3 

14-2 

13-2 

12-5 

12-0 

if6 

ii-S 

11- 5 
1 1-6 

12- 0 
12.5 

13- 2 

14- 0 

15- 0 

16- 3 
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h 

0 

00  00  coO  OVO  M 

0^4t*N  N  N  voNvb 

N  C^  N  CJ  N  N  CO  N  N  ci 

vo 

N 

0 

H 

Total 

deaths 

from 

all 

causes 

I-.  -^COM  irsVOtvM  T^-O 

On  10  N  vovO  0 

r|-  t**  COVO  VO 

1 

VOCO  voO  N  cO-^O  C^  Ov 
voOv-4-m  voOoO 

CO  tv  ct  OCO  p,  P. 

1 

0 

;5 

Esti¬ 
mated 
Pop.  1 

0  CO^^vori-OCCOOOO  0 

r^i  Os  t^  tv.  tv.  VO  vovo  VO  00 
ro  vD  N  ''*11  P.  P. 

hT  hT  f.r  n'  COcbri-Tt-vo';** 

VO  VO  vr,  VO  VO  VO  VO  vo  vo  vo 

' 

CO  VO  M  tv  tv  VO  M  M  CO  0 
VO-rtCOM  NCO  OVCOCOtv 

00  VONOO  tvvpc^^-^q^ 
vbvcT  tv  tCod"  ov  ov  q  M  N- 

cocorocococoror**rtT** 

1 

00  Ov  0  *-•  c4  CO  Th  vovo  hv 
OVCVOOOOOOOO 
woo  OVQVOVOvOvOVOvON 

Mean 

CO  ov  0  t*  CO  TT  vovo 

Ov-^vOOOOOOOO 
cooo  ONCVQVOVOVOVOVCV 

Mean 

Table  5 — continued. 
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Percen¬ 
tage  of 
mal. 
deaths 
to  total 
deaths 

Csps^  O  ►-SO 

N  OsO  N  '-ob^sb  Csf*N. 
NN'-'NNNm  —  til-. 

o 

b 

♦H 

Death- 

rate 

mal. 

N  vsii^iv.o 
^  xnsb  ^  rh  ^  xn 

CO 

06 

tii 

> 

O 

Total 

deaths 

from 

mal. 

N  N  N  -tI-O  c^O  OsQ''^ 
OshvcnO  c^Oco  t^esQ 

1 

z 

< 

X 

Total 

death- 

rate 

1 

•^sp  cst^O 

^N  -»  ■^db 

N  N  N  N  N  N  N  N  N  N 

CO 

N 

Total 

deaths 

from 

all 

causes 

1 

SO  O  •-  ri-u-iN  ^  ►-  uiO 

M  M  N  t-4  r«sCO  OO  rh 

CO  00  00  CS  Gseo  OS  0 

Esti¬ 

mated 

Pop. 

I'^N  t^cot^coxnt^ije^xr, 
•—  SO  tv.  tv  O  xo  •— t 

SC^  ►^OO  0  SO  N  O 

XT'.SO  so'  tveb' co'  cs  cT  cT 

cococ<nr^cot^com-}--7i- 

1 

Percen¬ 

tage  of 
mal. 
deaths 
to  total 
deaths 

^  ^  N  ^  moo 

mrob  O'O  -  i.  ONmo 

N  N  N  N  N  N  M  M  M  O) 

CO 

N 

N 

Death- 

rate 

mal. 

'O  OS  ^  ^  CO  C^  0  ’^-00  rn 
^  ‘V->  -b-  ^  iVi 

OO 

CA 

w 

S 

< 
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deaths 

from 

mal. 

Os  CO  C'-iCO  CO  N  C'n  O'  VO 
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1 

H 

CO 
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death- 
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o 

N 
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deaths 
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►-»  c^  lo  tv  O  irioo  tv  -f-  to 
NOO  NO  ON  N'rj-OO 

CO  tv  OOO  OO  tv  O*  OCO  0 
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Pop. 
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1 

Percen¬ 
tage  of 
mal. 
deaths 
to  total 
deaths 
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mal. 
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1 
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death- 
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Percen¬ 

tage  of 
mal. 

deaths 

to  total 

deaths 

0^  N  *-•  rh  wj  »h  N  oo 

OONO^t^OcC 

b\ 

Death- 

rate 

raal. 

1 

vnoo  vr^^oO^O  CnN 

Total 

deaths 

from 

mal. 

ONVO  N  fv.  N  CJN  rf- 

OOOO  CN'-'OO  t'sN  0  N  0^ 

N  tv.  CO  CO  tx.  H*  C*!^  ^ 

to  Cl'  CO  CO  CO  fO  CO  CO  CO  ■4' 

VO 

vc^ 

co 

Total 

death- 

rate 

1 

1 

a^  CnvO  tv  VO  xovo  ^  M 

N  6  N  ^  M  CTn'^^'^VO 
(S  N  N  C4  CJ  •-«  N  C^  N  M 

VO 

N 

N 

! 

Total 

deaths 

from 

all 

causes 

O  O  COVO  CO  CO  CO  M  CO 
tvcvoo  ’’+-XOM  OVVO  tvCt 

Tj-  N  0^  ^  ^  ^ 

VcT  vnVO  vD  VD  vr^  On  Ov  tv  *-« 

Ml— 

1 

Esti¬ 

mated 

Pop. 

!  1 

tvvn'^O  N  -rj-co  O  t'. 

ri-N  O  cort-coN  ONCOVO 

^  ^  ^  ^ 

OO  cT  VO  vn  cT  VO  tv'O  0  O 
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tv  tv  tv  tv  tvOO  OO  CO 

! 

u 

cr. 
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mal. 

deaths 
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deaths 
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Table  6.  Return  showing  the  admissions  from  Malaria  into  the  various  Hospitals  of  the  Island,  from  1898  to  1908. 
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Table  8.  Table  showing  the  amount  of  working  days  lost  through  illness  on  various 

estates. 


1907 


District 


St.  Thomas  .. 
Portland  . 

)!  •  ■ 

St.  Mary  . 

. 

,,  .  , .  .  . 

. 

Westmoreland 

)) 

Clarendon 

))  . 

n  . 


Total  Average 
No.  of  I  dally 
working  No.  of 
days 


period 


10,920 

6,552 

13,416 

9,67:# 

13,728 

4,368 

4,056 

6,240 

6,240 

26,208 

24,648 

13,728 


139,776 


35 

21 

43 

31 

44 

14 

13 

20 

20 

70 

79 

44 


ployed 


Total 
No.  of 
working 
days 
spent  in 
hospital 


266 

693 

2,760 

I,IOI 

1,870 

834 

516 

1,498 

848 

4,999 

4,103 

2,233 


Percen¬ 
tage  of 
working 
days 
lost 

through 

sickness 


2-4 

10-5 

20-5 

11- 3 

14-4 

19-0 

12- 9 
24-0 

13- 5 

19-0 

i6-6 
I  6-2 


21,721 


15-5 


Total 
No.  of 
working 
days 
in 

period 


11,130 

6,678 

24,960 

12,084 

12,042 

2,862 

5,088 

7,950 

6,042 

18,126 

24,464 

13,356 


1908 


144,782 


Average 
daily 
No.  of 
men 
em¬ 
ployed 


35 

21 

80 

38 

39 
9 
16 

25 

W 

57 

77 

42 


I  Pcrcen- 
Total  I  tage  of 
No.  of  working 


working 
days 
spent  in 
hospital 


C499 

504 

10,431 

1,686 

2,544 

411 

768 

2,170 

958 

‘,544 

3,014 

1-031 


days 

lost 

through 

sickness 


13-5 

7- 5 

41-7 

13- 3 
20-5 

14- 3 
1 1- 1 
27-2 

15- 8 

8- 4 
12-3 
7.7 


- —  26,560  ■  18-3 


Percentage  of  days  lost  through  sickness  during  two  years,  16-9. 
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Table  q.  Showing  number  of  cases  of  malaria  among  the  Jamaica  constabulary 


1907 

1908 

Parish  and  constabulary 
station 

No.  of 
cases  of 
malaria 
at  station 

No.  of 
S.O’s 
and  men 
at  station 

Percentage 
of  cases 
of 

malaria 

No.  of 
cases  of 
malaria 
at  station 

No.  of 
S.O’s 
and  men 
at  station 

Percentage 
of  cases 
of 

malaria 

Kingston 

Sutton  Street  . 

31 

170 

i8-2 

36 

170 

21*1 

Port  Royal  . 

— 

6  1 

—  ' 

— 

6 

— 

Rock  Fort  . 

— 

—  1 

— 

3 

— 

Rac  Town  . 

— 

4 

— 

— 

4 

— 

Brown’s  Town  . 

— 

4 

— 

— 

4 

— 

Franklin  Town  . . 

— 

4 

— 

— 

4 

— 

South  Camp  Road  . 

— 

4 

— 

— 

4 

— 

Allman  Town  . 

— 

4 

— 

— 

4 

— 

Fletcher’s  Town  . 

— 

4 

— 

—  - 

4 

— 

Hannah’s  Town  . 

— 

4 

— 

— 

4 

— 

Smith's  Village  . 

— 

4 

— 

— 

S 

— 

Water  Police  . . 

I 

'5 

— 

I 

15 

— 

St.  Andrew 

1 

Half  Way  Tree  . 

19 

32 

59'3 

16 

4t 

39-0 

Cross  Roads . 

T  r 

24 

45-8 

9 

28 

'^2*1 

Mathilda’s  Corner  . 

2 

I  I 

17-2 

— 

13 

— 

Gordon  Town . 

3 

7 

42-8 

I 

7 

14-2 

Guava  Ridge  . 

— 

5 

— 

I 

s 

— 

Stoney  Hill  . 

2 

9 

— 

_ 

9 

— 

Laurence  Tavern . 

I 

10 

lo-o 

3 

10 

30-0 

Bull  Bay*  . 

1 1 

H 

3 

— 

St.  Thomas 

Morant  Bay  . 

22 

14 

L37'i 

31 

>3 

238-4 

Bath  . 

2 

3 

2 

3 

— 

Golden  Grove . 

3 

3 

— 

3 

3 

— 

Port  Morant  . 

3 

'  2 

— 

5 

2 

— 

Y  alias  . 

3 

3 

3 

3 

. — 

Llandewey  . 

I 

2 

I 

2 

— 

Trinity  Ville  . 

I 

3 

0 

3 

— 

Cedar  Valley  . 

— 

3 

— ■ 

— 

3 

— 

Hagley  Gap . 

I 

2 

— 

’  r 

2 

— 

Portland 

Port  Antonio  . 

49 

25 

1 96-0 

37 

28 

132-1 

Manchioneal . 

s 

4 

4 

Castle  . 

4 

3 

— 

2 

3 

— 

Buff  Bay  . . . 

10 

4 

250-0 

6 

3 

120*0 

Hope  Bay  . 

4 

4 

— 

2 

4 

— 

St.  Margaret’s  Bay . 

3 

3 

— 

'2 

2 

— 

St.  Mary 

Port  Maria  . 

46 

20 

230-0 

56 

20 

280-0 

Annotto  Bay  . 

61 

10 

610-0 

68 

TO 

680-0 

Castleton  . 

I 

3 

s 

_ 

2 

_ _ 

Richmond  . 

5 

_ 

7 

6 

_ 

Lucky  Hill  . 

2 

3 

— 

I 

3 

— 

Retreat . 

— 

3 

_ _ 

2 

3 

3 

1 

_ 

Oracabessa  . 

3 

3 

— 

3 

— 

Section  closed  i  February,  1908 


Table  q.  Showing  number  of  cases  of  malaria  among  the  Jamaica  constabulary 


1907 

1908 

Parish  and  constabulary 
station 

No.  of 
cases  of 
malaria 
at  station 

No.  of 
S.O’s 
and  men 
at  station 

Percentage 
of  cases 
of 

malaria 

No.  of 
cases  of 
malaria 
at  station 

No.  of 
S.O’s 
and  men 
at  station 

Percentage 
of  cases 
of 

malaria 

Kingston 

Sutton  Street  . 

31 

170 

i8-2 

36 

170 

21*1 

Port  Royal  . 

— 

6 

—  ' 

— 

6 

— 

Rock  Fort  . 

— 

—  1 

— 

3 

— 

Rac  Town  . 

— 

4 

— 

— 

4 

— 

Brown’s  Town  . 

— 

4 

— 

— 

4 

— 

Franklin  Town  . . 

— 

4 

— 

— 

4 

— 

South  Camp  Road  . 

— 

4 

— 

— 

4 

— 

Allman  Town  . 

— 

4 

— 

— 

4 

— 

Fletcher’s  Town  . 

— 

4 

— 

—  - 

4 

— 

Hannah’s  Town  . 

— 

4 

— 

— 

4 

— 

Smith's  Village  . 

— 

4 

— 

— 

— 

Water  Police  . . 

I 

'5 

— 

I 

— 

St.  Andrew 

1 

Half  Way  Tree  . 

19 

32 

59'3 

16 

4t 

39-0 

Cross  Roads . 

T  r 

24 

45-8 

9 

28 

'^2*1 

Mathilda’s  Corner  . 

2 

I  I 

17-2 

— 

13 

— 

Gordon  Town . 

3 

7 

42-8 

I 

7 

14-2 

Guava  Ridge  . 

— 

5 

— 

I 

s 

— 

Stoney  Hill  . 

2 

9 

— 

_ 

9 

— 

Laurence  Tavern . 

I 

10 

lo-o 

3 

10 

30-0 

Bull  Bay*  . 

1 1 

H 

3 

— 

St.  Thomas 

Morant  Bay  . 

22 

14 

L37'i 

31 

>3 

238-4 

Bath  . 

2 

3 

2 

3 

— 

Golden  Grove . 

3 

3 

— 

3 

3 

— 

Port  Morant  . 

3 

'  2 

— 

5 

2 

— 

Y  alias  . 

3 

3 

3 

3 

. — 

Llandewey  . 

I 

2 

I 

2 

— 

Trinity  Ville  . 

I 

3 

0 

3 

— 

Cedar  Valley  . 

— 

3 

— ■ 

— 

3 

— 

Hagley  Gap . 

I 

2 

— 

’  r 

2 

— 

Portland 

Port  Antonio  . 

49 

25 

1 96-0 

37 

28 

132-1 

Manchioneal . 

s 

4 

4 

Castle  . 

4 

3 

— 

2 

3 

— 

Buff  Bay  . . . 

10 

4 

250-0 

6 

3 

120*0 

Hope  Bay  . 

4 

4 

— 

2 

4 

— 

St.  Margaret’s  Bay . 

3 

3 

— 

'2 

2 

— 

St.  Mary 

Port  Maria  . 

46 

20 

230-0 

56 

20 

280-0 

Annotto  Bay  . 

61 

10 

610-0 

68 

TO 

680-0 

Castleton  . 

I 

3 

s 

_ 

2 

_ _ 

Richmond  . 

5 

_ 

7 

6 

_ 

Lucky  Hill  . 

2 

3 

— 

I 

3 

— 

Retreat . 

— 

3 

_ _ 

2 

3 

3 

1 

_ 

Oracabessa  . 

3 

3 

— 

3 

— 

*  Section  closed  i  February,  1908 
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Table  io.  Showmg  Spleen  Rate  and  Average  Spleen  in  Various  Parishes 


District 


Locality 


Feet 


St.  Thomas  Albion  . iSea  level 

,,  ...I  Yallas . ' 


Portland 


Port  Antonio,  East 


>)  ))  ))  . 

Bound  Brook,  West  .. 
Bound  Brook  School  .. 
Titchfield  School, 

Lower  Division . 

Titchfield  School,  Inter¬ 
mediate  Division  .. 
Titchfield  School, 

Upper  Division  . 

Windsor  . 

Stanton  . 

Louis  Hope  . 


Sea  level 


zoo 


St.  Marv 


Annotto  Bay 
Epsom  School 

Enfield  . 

Fort  Stewart 
Cape  Clear  ... 

Chovey  . 

Orange  Hill 
Bremmerliall 


Fontabellc 

Trinity . 

Port  Maria 


Sea  level 
too 
200 
150 
250 
too 
100 

slightly 

above 

n 

Sea  level 


St.  Ann  .  Brown’s  Town . [  looo 


Prelawny 


Falmouth  .. 
Duan  Vale 


Sea  level 
300  to 
400 


Numbe 

of 

childre 

Exam¬ 

ined 

1 

r' 

Spl 

eens 

Total  Spleen 

-  with  rate 

enlarged  per  cent 
spleens 

:  Average 
spleen 

r 

3 

'  6 

1 

9 

10 

j 

2 

1 

I 

6 

I 

8 

1 

8o-o 

5'0 

U 

25 

1 

9 

1 

1 

:  26-4 

'•5 

44 

'  27 

*  10 

6 

I 

!  ^7 

.1 

oc 

CrI 

2-3 

I  I 

2 

8 

j 

I 

9 

8i-8 

3’> 

.38 

12 

21 

5 

— 

26 

68-4 

27 

15 

n 

:> 

:  12 

— 

— 

12 

8o'o 

2-6 

53 

22 

30 

r 

— 

31 

58-4 

1  2*2 

99 

46 

I45 

8 

— 

53 

53'5 

2-3 

50 

22 

^5 

— 

28 

1 

2’ 3 

6 

+ 

2 

— 

— 

2 

1  .... 

:>:>  3 

r*6 

10 

I  0 

8 

2 

— 

10 

100*0 

4-6 

6 

I 

I 

4 

— 

5 

83-3 

4-6 

'y 

:> 

3 

100*0 

8*0 

291 

X 12 

152 

26 

I 

179 

6i-5 

^*5 

106 

32 

60 

12 

2 

74 

69-8 

2-85 

34 

23 

I  I 

— 

— 

ri 

32-3 

1*6 

29 

23 

6 

— 

— 

6 

26-0 

I '4 

^7 

1 1 

13 

3 

— 

r6 

59-2 

2-5 

15 

6 

9 

— 

— 

9 

6o-o  j 

2*2 

24 

16 

8 

— 

—  j 

8 

33-3 

2-0 

64 

41 

18 

5 

—  i 

23 

35-9 

I -95 

25 

17 

8 

— 

t 

8 

32-0 

1-6 

12 

S  ’ 

4 

— 

— 

4 

33-3 

1-6 

14 

6 

7 

I 

— 

8 

57-' 

2-3 

48 

33  , 

1 

— 

15 

31-2 

1-5 

398 

216 

158 

22 

2 

182 

457 

2*1 

69 

69 

— 

— 

—  1 

0 

Nil 

1*0 

102 

100 

*> 

1 

1 

•> 

1-96 

1*09 

87 

87 

i 

0 

0 

1*00 

189 

187 

-t 

— 

— 

2 

I  *06 

1-03 

35 1 


Table  io.  Showmg  Spleen  Rate  and  Average  Spleen  in  Various  Parishes 


District 


Locality 


Feet 


Number 

of 

children 

Exam¬ 

ined 


Spleens 


St.  Thomas  ....  Albion  . Sea  level 


Yallas. 


IO 

34 


25 


44  27 


IO 


Portland  . 1  Port  Antonio,  East 


Bound  Brook,  West  .. 
Bound  Brook  School  .. 
Titchfield  School, 

Lower  Division . 

Titchfield  School,  Inter¬ 
mediate  Division  .. 
Titchfield  School, 

Upper  Division . 

Windsor  . 

Stanton  . 

Louis  Hope  . 


Total  Spleen 

with  rate 
enlarged ,  per  cent, 
spleens  , 


Average 

spleen 


8o-o 

26’4 


5-0 

'•5 


17 


38-5 


Sea  level 


1 1 

2 

8 

_ 

i 

9 

8r8 

3’‘ 

38 

12 

21 

5 

— 

26 

68-4 

27 

15 

3 

12 

— 

— 

iz 

8o-o 

2*6 

S3 

22 

30 

T 

— 

31 

58-4 

2*2 

99 

46 

45 

8 

— 

53 

53*5 

27 

5° 

22 

25 

3 

— 

CO 

36-0 

1 

2-3 

6 

4 

2 

— 

— 

2 

JO  S 

r-6 

10 

0 

8 

2 

— 

IO 

lOO'O 

4-6 

6 

I 

I 

4 

— 

5 

83-3 

4-6 

_ 

1 

3 

100*0 

8-0 

291  112  152  26 


Sr.  Marv 


Aniiotto  Bay  . Sea  level 

Epsom  School  .  100 

Enfield  .  200 

Fort  Stewart  . |  li^o 

Cape  Clear  . |  250 

Chovey  . 

Orange  Hill  . 

Bremmerhall  . 


Fontabelle 

Trinity . 

Port  Maria 


100 

100 

slightly 

above 


n 

Sea  level 


106 

34 

29 

27 

15 

24 

64 

25 

12 

14 

48 


32 

23 

23 

r  I 

6 

16 

41 

17 


60 
1 1 
6 
13 

9 

8 

18 

8 


8  4 

6  7 

33  ,  14 


398  216 


St.  Ann  .  Brown’s  Town . I  1000 


69  69 


Trelawny 


F'almonth  . . 
Duan  Vale 


Sea  level  102 

300  to  87 

400 


189 


100 

87 


87 


158 


179 


74 
1 1 
6 
16 

9 

8 

23 

8 


6i-5 


69-8 

32-3 

26-0 

39-2 

6o'o 

33'3 

35-9 

32-0 


33-3 

57-1 

31-2 


182 


457 


—  ■  o 


Nil 


2-5 


2-8<; 

1-6 

'•4 

2-5 

2-2 

2-0 

1- 9S 
1-6 

i'6 

2- 3 
i'5 


2-1 


ro 


1-96  1-09 

O  I'OO 


I -06  1-03 
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Table  io — cnntinued 


District 

1 

1  Locality 

■ 

1 

I 

1 

1  Number  i 
of  1 

Spleens 

! 

Total 

with 

enlarged 

spleens 

I 

Spleen 

rate 

per  cent. 

i 

i 

Average 

spleen 

0 

Exam¬ 

ined 

1 

I 

i 

i 

3 

1 

9 

Westmoreland 

Savaima-la-Mar  . 

Sea  level 

142 

139 

2‘I 

Fontabelle  . 

3 

J 

1-04 

Paradise . 

19 

19 

78 

5 

19 

14 

78 

15 

75-0 

Nil 

2-95 

Mounteagle  . 

slightly 

above 

1,000 

0 

I 

5 

1*00 

Bethel  Town  . . 

26*2 

NU 

2-15 

1*00 

278 

255 

17 

5 

I 

23 

8-2 

1*2 

St.  Elizabeth 

Black  River  . . 

Sea  level 

55 

137 

51 

34 

27 

II4 

22 

33 

26 

3 

4 

23 

29 

16-7 

54-9 

Great  Pedro  Bay  . 

Newell  . 

25 

0 

1- 4 

2- 3 

„  1  mile  off  . 

200 

I 

0 

0 

0 

0 

I 

I 

2-9 

37 

I*I 

1*2 

249 

19s 

47 

7 

— 

54 

21*2 

1-5 

Manchester  ... 

MandevUle  . 

2,200 

42 

42 

Nil 

0 

1 

0 

0 

1*0 

Clarendon  ... 

Chapelton  . 

z,oo 

' 

1 

44 

44 

1 

1 

0 

Nil 

I 

0 

0 

1*0 

1 

St.  Catherine  i 

Linstead  . 

28 

4 

^  i 

17-8 

1-46 

Braetown . 

Sea  level 

23 

5 

I 

0 

5 

Salt  Pond . 

7 

39 

2 

0  ' 

0 

2 

28-5 

1-5 

1 

Spanish  Town . 

55 

slightly 

above 

14 

”4 

1 0 

24 

6  1 

I 

25 

69-2 

2-9 

_  1 

0  j 

0 

24 

17-3 

‘■3 

i 

1 

212  1 

1 

'S6 

1 

48 

1 

I 

56 

26-4 

1-6 

Kingston  . 

Kineston  . 

Sea  level ! 

! 

_  i 

220  ! 

1 



1 

197  1 

23 

0 

1 

0 

23 

10*4 

1*2 

(The  le\cls 


ore  in  most  cases  only  approximate.] 


PLATE  A' 1 7 


Anopheline  breeding-swamjo  outside  Black  River  on  the  road  to 
(ireat  I’edro  Bay. 


\  iew  of  the  Rio  Grande,  showing  flattening  of  river  bed  and 
shallow  pool  formation. 


PI. ATE  XVII 


I'.dge  of  banana  plantation  at  Port  Antonio,  showing  Anopheline 
breeding-pool  in  the  foreground. 


Kxtensive  Anopheline  breeding-pool  situated  in 
the  town  of  Annotto  hay. 


the  centre  of 


PLATE  XVI II 
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OBSERVATIONS  ON  THE  LIFE  HISTORY 
OF  TRYPANOSOMA  LEIVISI  IN  THE 
RAT  LOUSE  (HAEMATOPINUS 
SPINUEOSUS) 

HV 

ANTON  BREINL 

AND 

EDWARD  HINDLE 

from  the  Runcorn  Research  Laboratories  of  the  Liverpool  School 

of  Tropical  Medicine 

\Received-  for  publication  26  October,  1909) 

For  over  a  year  we  have  carried  out  experiments  concerning-  the 
mode  of  transmission  of  Trypanosoma  leivisi  by  means  of  the  rat 
louse  Haematopmus  spinulosus.  Although  our  results  are  far  from 
complete,  circumstances  compel  us  to  abandon  this  research  for  the 
present. 

We  have  succeeded  in  transmitting  T.  lewisi  by  means  of 
Haematopmus  spinulosus,  and,  with  the  aid  of  wet  fixation  methods, 
m  modifying  conclusions  which  have  previously  been  drawn 
concerning  the  cytological  characters  of  this  parasite  in  specimens 
stained  by  Romanowsky.  We  do  not  intend  in  the  present  paper  to 
go  into  a  detailed,  theoretical  discussion,  which  we  reserve  for  a 
future  communication,  but  only  to  bring  forward  some  new  facts  and 
observations  concerning  the  life-history  of  T.  leivisi  in  its  intermediate 
host. 

Prowazek^  was  the  first  to  draw  attention  to  the  life-history  of 
T.  leivisi  in  the  rat  louse.  For  some  years  Prowazek’s  conclusions 
were  generally  accepted,  without  being  confirmed  by  other  workers. 
Patton’s  and  Strickland’s^  attempt  to  confirm  Prowazek’s  work  led 
them  to  the  conclusion,  that  Prowazek  had  described  part  of  the  life 
cycle  of  a  natural  fiagellate,  Critkidia  sp.,  of  Haematopmus 
spinulosus,  which  they  believe  has  no  connection  with  7'.  lewisi. 
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Nuttall,-^  using  thu'ty  lice,  was  able  to  transmit,  in  the  first  of  two 
experiments,  T.  leivisi  from  an  infected  to  a  normal  animal.  In  the 
second  e.xperiment,  ten  lice  were  transferred  from  a  wild  to  an  un¬ 
infected  rat  without,  however,  giving  rise  to  an  infection  in  the  latter. 
As  he  was  unable  to  trace  any  development  of  T.  leivisi  in  the  rat 
louse,  he  seriously  doubts  whether  any  such  development  occurs. 

Baldry,-^  on  the  other  hand,  working  in  Hartmann’s  laboratory  was 
not  only  able  to  obtain  positive  results  in  his  transmission  experiments, 
but  also  fully  confirms  Prowazek’s  observations  regarding  conjuga¬ 
tion.  Pie  asserts  that  the  developmental  cycle  takes  place  within 
eight  to  ten  days,  and  that  it  is  a  very  small  Crii  hid  id -like  form  of 
T.  lezvisi  in  the  louse  which  gives  rise  to  the  new  infection. 

TRANSMISSION  EXPERIMENTS 

In  three  of  our  experiments  we  have  been  able  to  transmit 
7".  lezvisi  by  means  of  the  rat  louse.  We  usually  collected  well-fed 
lice  from  a  heavily  infected  rat  and  transferred  them,  after  an  interval 
of  twenty  hours,  to  a  normal  rat.  In  one  experiment,  twenty-four,  and 
in  the  other  two  experiments,  forty,  lice  were  used.  In  the  first  two 
cases  parasites  appeared  in  the  peripheral  blood  after  an  incubation 
period  of  eight  days,  and  in  the  third  after  ten  days.  In  each  case 
the  animal  developed  a  typical  infection. 

In  tw'o  further  experiments  ten  lice  were  used  after  having  been 
kept  for  two  days  in  test  tubes,  but  in  neither  did  an  infection  result, 
although  the  unimids  were  kept  under  observation  for  a  considerable 
period. 

Method.  For  the  study  of  the  parasite  in  the  intermediate  host, 
rat-lice  were  collected  from  an  infected  animal.  The  heads  of  the 
lice  were  snipped  off  with  a  small  pair  of  scissors,  and  the  gut  contents 
teased  out  in  a  small  amount  of  physiological  saline  solution.  PJsually 
a  film  \vas  made  of  the  gut  contents  of  five  to  ten  lice,  and  while  still 
wet  dipped  into  Flemming’s  or  Flermann’s  solution,  or  sublimate- 
acetic-alcohol.  F  lemming’s  solution,  however,  gave  the  best  and  most 
satisfactory  results,  and  parasites  fixed  in  this  W'ay  showed  less 
deformity  than  by  an}/  other  method.  If  sublimate-acetic-alcohol 
was  used,  the  parasites  always  seemed  to  be  somewhat  shrunken. 

1  he  specimens  were  stained  with  Breinl’s  safranine-methylene- 
blue  tannm  orange  method  and  Breinl’s  modification  of  Heidenhain, 
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as  clesciibed  in  a  previous  paper. The  comparati\’e  use  of  these  two 
inethods  was  of  great  service.  In  the  former  method,  granules,  whicli 
were  often  present  in  large  numbers,  stained  brilliantly  with 
safranine,  at  times  masking  the  nucleus  and  blepharoplast  and  often 
rendering  the  interpretation  of  cytological  details  difficult.  When, 
on  the  other  hand,  Heidenhain’s  haematoxylin  method  was  used  the 
granules  remained  unstained.  In  this  method,  however,  it  was  more 
difficult  to  obtain  as  perfect  a  differentiation  of  the  details  of  the 
nucleus  as  with  safranine  methylene  blue.  Fresh  examination  was 
also  constantly  practised,  and  sometimes  a  parasite  was  kept  under 
observation  for  as  long  as  twenty-four  hours. 

It  seems  surprising  that  Nuttall  and  his  co-workers  were  unable 
to  observe  developmental  changes  in  rat-lice  taken  from  rats  infected 
with  7 .  leivisi.  Howei'er,  for  nearly  four  months  we  sav-  nothing 
liut  degenerated  trypanosomes  in  our  rat-lice,  so  that  we  nearl\' 
abandoned  further  research.  Ultim^itely,  in  one  case  developmental 
forms  were  found  in  lice  taken  from  an  infected  animal,  and  it  became 
apparent  that  during  the  first  stages  of  infection,  so  long  as  dividing 
and  segmenting  forms  were  present  in  the  blood,  the  trypanosomes 
taken  up  by  the  louse  only  degenerated.  On  the  other  hand,  so  soon 
as  division  forms  no  longer  appeared  in  the  peripheral  blood,  the 
trypanosomes  taken  up  by  the  louse  underwent  marked  changes  in 
those  cases  in  which  the  rat’s  blood  was  literally  swarming  with 
trypanosomes.  If,  however,  there  were  only  comparatively  few 
trypanosomes  in  the  blood  (about  seventy  to  eighty  to  a  microscopic 
field),  hardly  any  changes  were  noticeable  in  the  gut  contents  of  the 
louse. 

Thus,  although  nothing  but  degenerated  trypanosomes  were 
present  in  the  gut  contents  of  lice  taken  from  rats  in  the  early 
stages  of  infection,  nevertheless,  developmental  forms  made  their 
appearance  in  the  later  stages  of  the  disease,  but  only  when  the 
blood  of  the  rat  was  literally  swarming  with  trypanosomes. 

The  close  resemblance  of  the  parasites  in  the  gut  of  the  louse  to 
typical  Herpeiomonas  forms  described  by  Prowazek,  Patton,  etc., 
naturally  suggested  that  we  were  perhaps  dealing  with  a  mixed 
infection  in  the  rat  louse — a  natural  infection  with  Herpeiornonas,  and 
a  secondary  infection  with  T.  leivisi. 

We  made  films,  however,  of  the  gut  contents  of  about  6oo  lice 


taken  from  the  same  batch  of  normal  rats  which  were  afterwards 
used  for  infection,  but  in  no  instance  have  we  been  able  to  observe 
any  parasites  in  the  gut  contents  resembling  the  developmental 
forms  of  trypanosomes ;  only  in  rare  instances  were  very  small,  round 
cells  observed,  which  resembled  gregarines.  So  far  we  have  not  been 
able  to  come  to  any  definite  conclusion  concerning  the  nature  of  these 
bodies. 

When  lice  in  small  numbers  were  placed  on  a  clean  rat,  they  were 
often  rapidly  eaten  off  by  the  animal  and  disappeared  completely. 
On  the  other  hand,  the  lice  sometimes  multiplied  with  great  rapidity, 
so  that  the  fur  of  the  animal  was  soon  swarming  with  them,  and  the 
animal  itself  soon  succumbed  to  their  injurious  effects.  Prowazek 
has  already  drawn  attention  to  this  difficulty. 

Freak  examination. 

For  fresh  examination,  the  gut  contents  of  lice  were  teased  out 
in  physiological  saline  solution,  and  a  coverslip  preparation  ringed 
witli  hard  paraffin  was  made.  In  these  specimens  the  trypanosomes 
could  be  kept  alive  in  an  actively  motile  condition  for  about  thirty 
hours.  It  is  a  striking  fact  that  if  the  lice  were  obtained  from  rats 
in  an  early  stage  of  infection,  the  trypanosomes  in  the  gut  were  of 
large  size  and  moved  sluggishly.  When  the  rats  were  in  a  later  stage 
of  infection,  the  trypanosomes  were  small  and  moved  at  a  very  rapid 
pace,  shooting  across  the  microscopic  field,  so  that  detailed  observa¬ 
tion  was  almost  impossible. 

To  obviate  this  difficulty  a  slide  was  first  covered  with  a  thin  film  of 
gelatine  in  saline  solution,  by  which  means  the  progressive  movement 
of  the  trypanosomes  was  retarded.  The  gut  contents  of  from  three 
to  four  lice  taken  from  a  rat  at  a  suitable  stage  of  the  infection  were 
then  taken,  and  specimens  were  made  in  the  above  described  manner. 
The  gut  contents  were  seen  to  be  full  of  parasites,  some,  large  and 
moving  sluggishly,  others,  small  and  resembling  in  their  appearance 
living  spermatozoa,  ]30ssessing  a  small  round  head  and  a  long  wavy 
flagellum.  In  some  instances  a  marked  transformation  was  seen  to 
take  place.  A  large  trypanosome  became  altered  in  shape  ;  a  con¬ 
striction  appeared  at  a  point  distant  from  one  end  about  one-third  of 
the  length  of  the  parasite.  This  gradually  became  more  and  more 
pronounced,  at  times  disappearing,  but,  us  a  rule,  in  from  two  to  four 
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hours  becoming'  permanent.  I  hen  the  movements  of  the  parasites 
quickened,  and  a  separation  into  two  halves,  which  was  only  connected 
l3y  a  thin  protoplasmic  strand,  occurred.  The  parasites  often 
remained  at  this  stage,  no  further  changes  occurring.  In  only  a  few 
instances  was  a  further  development  seen  to  take  place  ;  the  anterior 
part  of  the  parasite  appearing  to  disintegrate,  until,  finally,  only  a 
lound  head  with  a  long  rapidly  moving  flagellum  remained.  In  only 
one  case  w^as  the  flagellum  actually  seen  to  become  detached. 

No  further  development  occurred.  We  have  never  been  able  to 
observe  any  process  which  could  be  satisfactorily  explained  as 
representing  conjugation.  Now  and  again,  parasites  apparently 
consisting  of  two  changed  trypanosomes,  joined  at  one  end,  were 
observed.  Although  these  parasites  were  sometimes  kept  under 
observation  for  tw^enty-four  hours  until  all  movement  had  ceased,  m 
no  instance  did  any  transformation  occur  which  could  be  regarded  as 
conjugation.  Tempting  as  it  is  to  regard  certain  appearances  in 
stained  specimens  as  conjugation  forms,  nothing  but  observation  of 
the  whole  process  in  fresh  specimens  can  be  regarded  as  conclusive. 

Small,  round  forms,  as  described  later  in  stained  specimens,  have 
frequently  been  seen  exhibiting  a  circular  movement. 

STAINED  PREPARATIONS 

Changes  analogous  to  those  which  we  have  just  described  can  be 
seen  in  stained  specimens.  For  the  preparation  of  these,  lice  were 
sometimes  used  which  had  been  taken  from  an  infected  rat  and  kept 
alive  in  a  test  tube  for  as  long  as  seventy-two  hours.  After  this  time 
they  usually  died,  unless  put  back  on  another  animal. 

The  trypanosomes  m  the  gut  of  a  louse  taken  shortly  after  the 
height  of  the  infection  was  reached  usually  showed  quite  characteristic 
changes  in  the  nucleus.  Whereas  in  a  normal  blood  trypanosome 
the  nucleus  only  contained  one  intranuclear  centrosome  (karyosome), 
in  the  majority  of  the  louse  parasites,  this  had  divided,  and  the 
division  products  had  moved  to  opposite  ends  of  the  nucleus  (Figs. 
1-3)- 

At  this  stage  forms  w^ere  found  in  which  the  nucleus  had  undergone 
complete  equal  division,  each  half  containing  an.  intranuclear  centro 
some  surrounded  by  a  light  unstained  area  of  karyolymph. 


In  a  further  stage  (Fig.  4),  one  of  the  halves  of  the  nucleus  had 
nioved  close  to  the  blepharoplast  (extranuclear  centrosome),  whereas 
the  second  half  seemed  to  lose  its  staining  properties,  taking  the 
haematoxylin  stain  in  a  somewhat  diffuse  manner.  The  parasites 
were  markedly  increased  in  size.  At  this  stage  the  cytoplasm  appeared 
to  become  denser  in  that  end  of  the  parasite  in  which  the  blepharoplast 
was  situated  (Fig.  5),  whereas  the  cytuplasm  of  the  opposite  end 
exhibited  a  somewhat  ragged  appearance,  and  seemed  to  have  lost 
its  well-defined  outline.  At  a  still  later  stage,  the  meshes  of  the 
‘  Schaumplasma'  became  larger  and  larger  and  less  defined,  and  the 
cytoplasm  about  the  flagellum  more  and  more  disintegrated  (Fig.  6), 
until,  finally,  only  the  blepharoplast  end  was  left  with  a  long  wavy 
flagellum.  The  half  of  the  nucleus  in  the  flagellar  end  lost  its  staining 
properties  to  a  gradually  increasing  extent,  and  sometimes  the  cyto¬ 
plasm  contained  a  round,  sharply-defined,  darkly-staining  vacuole, 
which  was  probably  the  remains  of  the  degenerated  half  of  the  nucleus. 
The  other  half  of  the  nucleus  underwent  further  changes  ;  it  increased 
in  size  and  changed  its  position  with  regard  to  the  blepharoplast,  in 
many  instances  appearing  behind  the  blepharoplast.  As  a  rule,  it 
contained  only  one  intranuclear  centrosome,  occasionally,  howeA'er, 
two  (Fig.  7). 

Judging  from  the  number  of  trypanosomes  in  the  different  stages 
of  development,  it  is  probable  that  after  the  division  of  the  intra¬ 
nuclear  centrosome  (karyosome),  the  complete  division  of  the  nucleus 
takes  place  in  a  comparatively  short  time.  Forms  like  Figs.  1-3  and 
Figs.  6-8  were  often  seen,  whereas  those  shown  in  Figs.  4-5  were 
comparatively  rare. 

Slight  modifications  of  this  process  were  sometimes  noticed,  At 
times  the  parasite  did  not  grow  to  the  large  size  seen  in  Figs.  4-6, 
whilst  at  other  times  the  divided  nuclei  remained  connected  by  a  thin 
strand  for  a  considerable  time  (Fig.  10). 

Uuring  these  changes  in  the  nucleus  and  cytoplasm  of  the  parasite, 
the  blepharoplast  did  not  undergo  any  marked  transformation  bej'ond 
slight  enlargement.  In  some  cases,  as  in  Figs.  5-8,  it  seemed  to 
consist  of  a  number  of  round  granules,  but  not  even  in  the  best 
differentiated  specimens  could  any  detailed  structure  be  made  out. 

.■\1  a  later  stage,  parasites  were  seen  resembling  spermatozoa, 
consisting  of  an  oval  head  with  a  long  flagellum,  as  well  as  a  few 
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forms  without  a  flagellum,  in  all  these  stages  a  blepharoplast  was 
present  and  could  be  clearly  seen. 

In  other  forms  a  new  flagellum  connected  with  the  blepharoplast 
was  observed.  Whereas  the  original  flagellum  was  thin  and  wavy, 
the  new  flagellum  appeared  very  much  thicker  and  bnstle-like  (Figs. 
II,  12),  but  it  seemed  to  become  thinner  as  its  length  increased 
(Fig.  13).  Up  to  this  point,  forms  observed  in  stained  specimens  had 
always  been  controlled  by  examination  of  living  parasites.  Judging 
from  the  different  size  of  the  oval-shaped  Herpeloinonas-\\kQ  forms 
of  the  developmental  stages  of  T.  lewisi  (Figs,  ii  and  15),  one  can 
assume  that  these  forms  increase  in  size. 

If  lice,  containing  a  small  number  of  these  Herpeio^uonas-like 
forms,  were  taken  from  the  rat  and  kept  alive  for  a  varying  interval 
(we  were  not  able  to  keep  lice  alive  for  longer  than  seventy-two 
hours),  a  marked  multiplication  of  the  forms  took  place  in  the  gut 
(Fig.  18).  Many  of  the  latter,  possessing  only  one  nucleus  and  one 
blepharoplast,  showed  two  flagella.  We  are  inclined  to  regard  these 
bi-flagellated  forms  as  the  first  stage  in  the  process  of  division. 

The  division  appears  to  start  with  a  broadening  or  rounding  up 
of  the  blepharoplast  (Figs.  14,  15).  Afterwards,  the  nucleus  divides 
and  the  cytoplasm  of  the  parasite  splits  longitudinally  into  two 
daughter  cells  (Fig.  lO). 

Sometimes,  however,  before  one  division  has  come  to  an  end,  a 
second  division  has  already  commenced  (Fig.  17).  When  these  forms 
occur  in  large  numbers,  they  can  often  be  seen  to  be  agglomerated 
in  great  clusters,  with  the  flagellum  always  directed  inwardly  (Fig. 
18).  Very  great  variation  in  the  shape  and  structure  of  the 
Herpetoinonas-Wke.  forms  was  noticed  (Figs,  ig,  20). 

In  specimens  stained  with  safranine-methylene  blue,  bright 
granules  in  varying  numbers  can  very  often  be  seen  (Figs.  21,  22). 
Now  and  again  the  nucleus  of  these  forms  degenerates  (Figs.  23,  24, 
25).  In  Fig.  26  there  is  only  a  light  area  with  irregular  red  granules 
in  the  position  of  the  nucleus. 

The  stages  depicted  in  Figs.  27  and  28  are  suggestix  e  of  con¬ 
jugation  forms.  Although  analogous  appearances  were  seen  in  fresh 
specimens  and  kept  under  observation  for  several  hours,  no  further 
changes  occurred. 
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Round  forms.  Frequently,  especially  in  lice  taken  from  rats  at 
a  later  stage  of  infection,  round  forms,  as  m  Figs.  32-36,  were  noted. 
'I'hey  usually  showed  a  typical  oblong  nucleus  and  a  small  blepharo- 
plast,  from  which  a  long,  round  flagellum,  which  was  usually  wound 
round  the  parasite,  originated.  Whether  these  forms  develop  in  the 
way  suggested  by  Fig.  31,  or  whether  they  result  from  the  coiling  up 
of  a  normal  trypanosome  could  not  be  determined. 
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DESCRIPTION  OF  PLATES 

rile  figures  have  been  drawn  with  an  Abbe  drawing  apparatus, 
Apochroinatic,  2  mm.,  ap.  r4,  and  compensating  ocular  18. 

Figures  i,  2,  18,  21,  22,  26,  27  and  30  were  stained  with  safranine- 
raethylene-blue  orange-tannin.  All  the  others  were  stained  b}^ 
Heidenhain’s  method. 
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!•  igs.  1-3.  Early  stage,  showing  db'ision  of  intranuclear  centrosorne 
(kar)'osome). 

1’ ig.  4.  Complete  nuclear  division.  One  half  shows  signs  of 
degeneration. 

Fig.s.  5,9. — Stages  showing  the  disintegration  of  part  of  the  cyto¬ 
plasm. 

Fig.  TO. — Later  stage  of  division  of  the  nuclei,  both  halves  of  which 
are  still  connected. 

Figs.  II,  12. — .Stages  showing  the  growth  of  a  new  flagellum. 

I'igs.  13-15.  Hcrpeioinonns-MlKe  forms. 

Figs.  16,  17.  Division  of  Herpeiovwnns-Xxl^e  forms. 
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Fig.  1 8. — Conglomerate  of  Her petomonas-\\\^t  forms. 
Figs.  ig-^o.—  Herpetomonas-XW^e  forms. 

Fig.  31.  -Formation  of  round  form. 

Figs,  32-36. — Round  forms. 


PLATE  XX 


5^5 


ON  THE  VARIATION  OF  THE 
HAEMOLYl'IC  COMPLEMENT  IN 
EXPERIMENTAL  TRYPANOSOMIASIS 

BY 

WARRINGTON  YORKE.  M.D. 

f  l^rorn  the  Runcorn  Research  Laboratories  of  the  Liver  fool  School  of 

Tropical  J / ed icine ) 

(Received  for  publication  5  February,  1910; 

Ilartoch  and  Yakimoff'’'  observed  a  diminution  in  the  amount  of 
haemolytic  complement  in  the  blood  of  guinea-pigs  and  rats  infected 
with  various  strains  of  trypanosomes  shortly  before  the  death  of  the 
animals. 

With  a  view  to  ascertaining  whether  this  diminution  of  the 
haemolytic  complement  bore  any  definite  relation  to  the  number  of 
trypanosomes  present  in  the  peripheral  blood  of  the  infected  animal, 
or  whether  it  was  simply  a  terminal  event  of  the  disease,  the  following 
series  of  experiments  was  undertaken,  t 

For  the  purpose  of. preparing  a  haemolytic  system  about  50  c.c.  of 
goat’s  red  corpuscles  were  injected  into  the  peritoneal  cavity  of  a 
rabbit,  all  traces  of  serum  having  been  previously  removed  from  the 
red  cells  by  washing  three  or  four  times  with  o'Q  per  cent.  NaCl 
solution.  These  injections  were  repeated  once  or  twice  at  intervals 
of  seven  days.  Usually  at  the  end  of  two  or  three  weeks  the  rabbit’s 
serum  was  .strongly  haemolytic  for  goat’s  red  cells.  The  immune 
rabbit-serum  was  then  inactivated  by  heating  to  56°-58°  C.  for  half 
an  hour. 

In  order  to  standardise  the  haemolytic  system,  amounts  varying 
*  Wien  klin.  Woch.,  No.  40,  1908. 

t  The  animal  experiments  recorded  in  this  paper  Avere  kindly  performed  for  me  bv 
Dr.  Anton  Breinl. 


from  o'ooos  c.c.-0'005  c.c.  of  the  immune  serum  were  added  to 
]  c.c.  of  a  5  per  cent  suspension  of  well-washed  goat’s  red  cells. 
Afterwards,  i  c.c.  of  a  i  in  lo  dilution  of  normal  guinea-pig  serum 
was  added,  as  complement,  to  each  of  these  mixtures  of  amboceptor 
and  red  cells.  The  contents  of  each  of  the  tubes  was  then  made  up 
to  3  c.c.  by  the  addition  of  O'g  per  cent.  NaCl  solution.  It  was  found 
that  O'OOJ  c.c.  of  the  immune  serum  was  the  smallest  amount 
necessary  to  haemolyse  i  c.c.  of  a  5  per  cent,  suspension  of  goat's 
red  cells  in  from  10-15  minutes  at  37°  C. 

A  haemolytic  system  consisting  of  the  double  amount  of  the 
immune  serum  0'002  c.c.  and  i  c.c.  of  a  5  per  cent,  suspension  of 
goat’s  red  cells  was  employed  in  the  following  experiments. 

The  serum  of  infected  guinea-pigs  was  used  throughout  these 
experiments.  The  amount  of  complement  present  in  the  blood, 
withdrawn  from  one  of  the  veins  in  the  ear,  was  estimated  before 
injection,  and  the  guinea-pigs  were  then  inoculated  with  different 
strains  of  trypanosome.s,  e.g.,  T.  gambiense,  T.  equiperduni, 
T.  Irnicei  or  T.  evansi.  Subsequently,  examinations  of  the  amount 
of  haemolytic  complement  in  their  serum  w'ere  made  at  intervals  of 
two  or  three  days  during'  the  course  of  the  infection.  An 
observation  of  the  number  of  trypanosomes  in  the  peripheral  blood 
was  made  daily. 

In  Tables  I  and  II  the  results  obtained  with  the  serum  of 
guinea-pigs  infected  with  1.  bTucci  and  T.  evnusi,  respectively,  are 
recorded. 


Similar  results  w  ere  obtained  with  guinea-pig's  13  and  14  infected 
with  T.  ga^nbiense,  and  with  guinea-pigs  15  and  16  infected  with 
T.  cquipei'diun.  The  amount  of  haemolytic  complement  present  in 
the  serum  of  tliese  animals  was  examined  frequently  during  the 
period— between  three  and  four  and  a  half  months— which'’ they 
lived  after  infection.  At  no  time  was  any  diminution  of  the 
complement  observed  until  a  few  hours  before  the  animal’s  death, 
when  a  jiartial  disappearance  of  complement  was  noticed  in  animals 
13  and  15.  There  was  no  appreciable  loss  of  complement  observed 
in  guinea-pigs  14  and  16  in  the  serum  removed  about  twelve  hours 
before  their  death.  At  no  time  did  their  blood  exhibit  more  than 

one  or  two  trypanosomes  to  a  field,  and  frequently  none  were  seen  after 
a  careful  search. 


Amount  of  guinea-pig  serum  (complement)  added  to  the  standardised  haemolytic  system,  consisting  of  o’oo2  c.c. 
amboceptor  and  i  c.c.  of  a  5  %  suspension  of  red  cells.  In  each  case  the  contents  of  the  tubes  were  made  up 
to  3  c.c.  with  0-9  %  NaCl  solution. 


loth  ,,  Found  dead 


Anininl  dying  when  the  serum  wns  withdrawn. 


Animal  dying  when  the  serum  was  withdrawn. 


Table  II.— Guinea-pigs  infected  with  T 


Animnl  trying  at  the  time  t!ie  scnxm  \yns  withdrawn. 


In  none  of  the  foregoing  experiments  was  any  decrease  in  the 
amount  of  haemolytic  complement  observed  until  shortly  before  the 
death  of  the  animal,  with  the  single  exception  of  Experiment  i.  The 
seruni  of  this  guinea-pig,  which  was  infected  with  T.  brucei,  showed 
a  slight  decrease  in  complement  on  the  8th  and  nth  day  of  the 
disease.  The  blood  at  the  lime  contained  numerous  trypanosomes. 

In  Experiments  2,  5,  7  and  8  no  appreciable  decrease  of  the 
haemolytic  complement  occurred  during  the  course  of  the  disease,  even 
when  the  parasites  were  swarming  in  the  peripheral  blood  (i  to  every 
2  or  3  red  cells).  Many  estimations  of  the  complement  were  made  in 
the  different  experiments,  when  20-50  parasites  were  present  to  the 
microscopic  field  (Zeiss  objective  DD  ;  eyepiece  No.  4).  In  no  case  was 
any  diminution  noticed.  It  is  evident,  therefore,  that  the  presence  of 
numerous  trypanosomes  in  the  peripheral  blood  in  an  early  stage  of 
the  disease  does  not  necessarily'  result  in  a  diminution  of  the 
haemolytic  compl  em  en  t . 

On  the  othei  hand  in  a  late  stage  of  the  infection  shortly  before 
the  death  of  the  animal,  a  considerable  decrease  in  the  amount  of 
complement  was  observed  in  most  of  the  experiments.  On  five 
occasions,  Experiments  r,  2,  3,  9  and  12,  the  blood  of  animals  infected 
with  7.  br/icei  and  T.  evansi,  respectively,  contained  practically  no 
haemolytic  complement  a  few  hours  before  death.  In  other  cases, 
e.g.,  Experiments  6,  7,  13  and  15,  only  a  partial  diminution  could  be 
observed  in  the  serum  removed  just  before  the  death  of  the  animal, 
whilst  in  still  other  cases,  5.  to,  11,  14  and  16,  no  decrease  of  the 
haemolytic  complement  was  found  in  the  serum  withdrawn  about 
twelve  hours  before  death. 

From  these  observations  one  must  conclude,  therefore,  that  the 
diminution  of  the  complement  in  the  serum  of  animals  infected  with 
trypanosomiasis  is  simply  a  terminal  event,  and  does  not  occur  during 
the  earlier  stages  of  the  disease,  even  when  the  peripheral  blood  is 
swarming  with  parasites. 

The  following  experiments  were  performed  with  a  view  to 
ascertaining  whether  the  serum  of  infected  guinea-pigs  withdrawn 
a  few  hours  before  their  death  contained  any  body  which  had  the 
pioperty  of  inhibiting  to  any  extent  the  activating  power  of  the 
complement  of  normal  serum. 
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Experi.'XEN'I.— The  seium  of  guiacii-pig  3  was  obtained  shortly  before  the  death  of  the 
animal.  It  had  not  the  slightest  activating  action  even  -wheu  added  undiluted  to  the 
^tandardised  haemolytic  system  of  goat’s  red  cells  and  amboceptor.  A  portion  of  this  serum 
was  added  in  varying  jn-oportions  to  the  serum  of  a  normal  guinea-pig.  The  resulting 
mixtures  were  then  kept  at  37°  C.  for  20  minutes  before  being  added  to  the  haemolytic 
system.  A  second  portion  of  the  serum  of  guinea-pig  3  was  lust  heated  to  56°-58°  C.  for 
half  an  hour  in  order  to  destroy  any  complement  it  might  contain,  and  then,  as  aliove,  mixed 
in  different  proportions  with  normal  guinea-pig  serum. 

The  following'  Table  g-ives  the  result  of  this  experiment: 


A 


I 


:  0 

a  /o_ 

suspension 
of  goat’s  red 
cells 

Complement 

.Amboceptor 

Normal 

guinea-pig 

serum 

o-9%NaCl 

solution 

Haemolysis 

1  1‘0  cx. 

- 1 

3 

*  ■■  1 

0-002  c.c. 

?  1 

o-i  c.c. 

0-05  c.c. 
0-025 
o-oi  c.c. 

0*1  c.c. 

0’i5  c.c. 

0’T75  c.c. 

0*19  c.c. 

Complete  haemolysis  in  1 5  mins. 
Complete  haemolysis  in  30  mins. 
Partial  haemolysis  in  3  hours 
Trace  of  haemolysis  in  3  hours 

15 


5%. 

suspension 
of  goat's  red 
cells 

.Amboceptor 

CO.MPI.EMENT 

Normal 

guinea-pig 

serum 

Serum 

guinea-pig 

3 

Haemolysis 

I  i-oc.c. 

0-002  c.c. 

o-i  c.c. 

O'l  c.c. 

Complete  haemolysis  in  15  mins. 

2 

0-05  c.c. 

0-15  c.c. 

Complete  haemolysis  in  30  mins. 

3 

0-025  c.c. 

C-175  c.c. 

Partially  complete  haemolysis  in 

, 

3  hours 

4 

i 

o-oi  c.c. 

0-19  c.c. 

Slight  haemolysis  in  3  hours 

C 


CoMPLF.MEXT 


5  %. 

suspension  '  .Amboceptor 
of  goat's  red 
cells 

1 

Normal 

guinea-pig 

scrum 

Scrum  of 
guinea-pig 

3  ’  ' 
(heated 
56-58°  C. for 
20  mins.) 

Haemolysis 

I  1-3  c.c.  0-002  c.c. 

O' I  c.c. 

O'l  c.c. 

Complete  haemolysis  In  15  mins. 

0-05  c.c. 

0-15  c.c. 

Complete  haemolysis  in  30  mins. 

,, 

0-025 

0-175  c.c. 

Partial  haemolysis  in  3  hours 

4  M 

O'OI  c.c. 

. 

0-19  c.c. 

Trace  of  haemolysis  in  3  hours 

57  Q 

Analagous  results  were  obtained  with  the  sera  of  guinea-pigs  g 
and  12  withdrawn  a  few  hours  before  their  death.  It  is  evident, 
therefore,  that  the  addition  of  the  sera  of  guinea-pigs  3,  g  and  12 
(without  complement)  to  normal  guinea-pig  serum  caused  no  greater 
decrease  in  the  activating  power  of  the  latter  than  occurred  when  the 
normal  guinea-pig  serum  was  diluted  to  a  similar  degree  with  O’g  per 
cent.  NaCl  solution. 

Possibly  the  diminution  or  absence  of  complement  in  the  serum  of 
animals  dying  from  trypanosomia.sis  might  be  due  to  an  absorption  of 
the  complement  by  the  trypanosomes  which  at  the  time  of  death  were 
usually  present  in  the  peripheral  blood  in  very  great  numbers.  The 
fact,  however,  that  in  the  earlier  stages  of  the  disease,  even  when  the 
tiypanosomes  were  sw-arming  in  the  peripheral  circulation  no  diminution 
of  haemolytic  complement  wuis  noticed  contravenes  this  explanation. 
Moreover,  guinea-pigs  13  and  15,  infected  with  T.  gambiense  and 
T.  eqmperdum  respectively,  exhibited  a  considerable  decrease  in 
haemolytic  complement  in  the  scrum  w'ithdrawm  a  few  hours  before 
ueatn,  although  the  blood  contained  only  one  or  twm  trypanosomes  to 
the  microscopic  held.  In  this  connection  also,  w-e  have  failed  in  our 
attempts  to  remove  in  viiro  the  haemolytic  complement  from  normal 
guinea-pig  serum  by  the  addition  of  large  numbers  of  w^ell-w'ashed 
trypano.somes  obtained  from  heavily  infected  animals. 

CONCLUSIONS 

The  results  obtained  confirm  those  of  Hartoch  and  Yakimoff,  that 
in  most  cases  of  experimental  trypanosomiasis,  a  marked  diminution 
or  total  disappearance  of  the  haemolytic  complement  can  be  observed 
for  a  few  hours  before  the  animal’s  death. 

This  decrease  of  the  haemolytic  complement  is  limited  to  the  last 
stages  of  the  disease,  and  is  not  met  witli  in  the  earlier  stages,  even 
wdren  the  blood  is  sw-arming  wuth  trypanosomes. 

The  serum  of  an  animal  m  the  last  stages  of  the  disease,  at  a  time 
when  it  contains  no  haemolytic  complement,  has  no  inhibitory  effect 
upon  the  activating  powder  of  the  complement  of  normal  serum. 

The  piesence  of  numerous  trypanosomes  in  the  blood  cau.ses  of 
itself  no  diminution  of  the  haemolytic  complement,  and  secondly  it  is 
not  possible  to  absorb,  in  viiro,  the  complement  from  normal  serum 
by  the  addition  of  numerous  trypanosome.s. 
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ACUTE  CRAW-CRAW 

BY 

R.  H.  KENNAN,  M.D.,  D.T.M., 

SENIOR  MEDICAL  OFFICER,  WEST  AFRICAN  MEDICAL  STAFF,  SIERRA  LEONE 

{Received  for  publicaiion  7  F ebruary,  1910) 


1  he  term  ‘  Craw-Craw  ’  is  applied  extensively  in  West  Africa  to 
describe  pathological  conditions  of  the  skin,  which  are  mainly 
characterised  by  the  presence  of  a  papulo-vesicular  eruption, 
accompanied  by  more  or  less  itching. 

Generally,  this  rash  is  most  marked  about  the  buttocks, 
perineum,  genitals,  and  groins  ;  and  is  most  commonly  seen  in  a 
condition  which  seems  to  indicate  chronicity,  viz.,  scale  formation, 
and  hypertrophy. 

But  in  certain  cases  1  have  seen  the  rash  become  almost 
universal  with  great  rapidity,  the  outbreak  being  associated  with 
fever  and  malaise,  and  under  these  conditions  mistaken  for  variola 
and  varicella. 

Both  at  Accra,  on  the  Gold  Coast,  and  at  Freetown,  Sierra 
Leone,  the  affection  in  this  form  is  not  very  uncommon. 

The  rash  may  be  practically  universal  and  is  vesicular  in  the 
very  early  stage.  The  vesicles  have  very  little,  if  any,  papular 
foundation,  and  always  lack  the  well-defined  base  of  a  typical 
variola  spot,  and,  moreover,  the  spot  is  vesicular  at  the  earliest 
period.  Pricking  the  vesicle  in  the  early  stage  allows  exit  of  a 
sticky,  pellucid  fluid,  and  the  vesicle  can  be  entirely  emptied  by 
slight  pressuie  without  further  rupture  of  its  walls,  leaving  the 
latter  collapsed.  In  the  early  stage  of  the  case  the  great  majority 
of  the  spots  show  an  almost  equal  degree  of  development,  but 
careful  search  will  usually  reveal  some  dried  up,  scaly  spots.  The 
centre  of  each  of  the.se  old  spots  is  generally  of  a  lighter  colour,  and 
lound  the  centre  iris-hke  rings  of  epidermic  scales,  attached  by  their 
outer  borders  are  seen.  1  hese  represent  a  late  stage  of  the 
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\csicular  condition,  and  ina\-.  I  believe,  be  the  source  from  which 
auto-infection  nia)^  become  general. 

A  day  or  so  after  the  first  outbreak  of  \-esicles,  fresh  vesicles  are 
formed  between  the  older  ones,  and  fresh  spots  continue  to  appear 
for  a  week  or  so. 

.V  few  of  the  spots  suppurate  slightly,  but  definite  adherent 
scabs  are  rare.  A  vesicle  may  show  umbilication  when  a  fine  hair 
emerges  from  its  centre. 

The  temperature  is  raised  early,  and  before  any  suppuration  has 
appeared,  and  there  is  no  ‘  secondary  ’  fever. 

Constitutional  symptoms  are  definite  but  slight,  and  no  more 
than  would  be  expected  to  accompany  the  moderate  degree  of  fever 
iisuall}'  present  (100°  to  I02°F.),  and  which  lasts  for  a  few  days 
only.  Itching  is  not  generally  a  marked  symptom,  and  is  usuall)- 
not  present  till  the  later  stage  ;  it  is  rarely  intense,  and  it  msually 
ceases  before  the  rash  has  entirely  disappeared. 

The  face  may  be  attacked  but  usually  less  so  than  other  parts  ; 
the  palms  of  the  hands  and  soles  of  the  feet  usually  escape  ;  the 
fingers  show  few  if  any  spots.  Disappearance  of  Ihe  rash  with 
desquamation  of  the  epidermis  of  the  affected  parts  is  slow  and 
protracted,  and  even  with  frequent  bathing  and  friction  the  skin 
may  still  show  signs  of  the  rash  for  a  month  or  six  week,  or  e\'en 
longer.  No  pitting  or  discoloration  is  found  afterwards.  The 
mucous  membranes  are  not  usually  affected  though  I  have  seen 
spots  on  the  prepuce  and  glans  penis.  The  progress  of  vaccination 
is  not  influenced  by  the  disease. 
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A  PRELIMINARY  NOTE  ON  THE 
PREVALENCE  OE  MOSQUITOES 
IN  CAIRO  AND  ITS  ENVIRONS 


BY 

F.  C.  WILLCOCKS, 

[■NTOMOLOGIST  TO  THE  KHEDEVIAL  AGRICULTURAL  SOCIETY 


( Recejved  for  publication  i^th  February^  K^io.J 


The  Nile  Floods  of  igo8  and  1909  were  exceptionally  high  as 
compared  with  those  of  the  previous  three  years.  In  igo8  the 
maximum  level  reached  at  Rhoda  Bridge  was  19' 82  metres  ;  this  year 
(1909)  the  level  was  slightly  less,  viz.,  19-69  metres.  The  average 
maximum  heights  for  the  years  ending  1905-190;  was  about  18-20 
metres. 

One  of  the  results  of  such  high  Niles  during  the  past  two  seasons 
has  been  to  flood,  by  infiltration  through  the  soil,  the  low-lying  parts 
of  Cairo  and  its  environs.  In  many  of  these  collections  of  infiltration 
water,  mosquitoes  breed  in  large  numbers  ;  the  species  varying  to 
some  extent  with  the  kind  of  breeding-place.  F'ortunately,  in  the 
majority  of  cases  the  infiltration  breeding-places  are,  but  temporary, 
persisting  from  two  to  three  months  only. 

The  breeding-places  of  this  nature  in  Cairo  and  its  environs  are 
as  follows 


-< 


•excavated. 


Cairo. 

A.  Flooded  building-sites  . 

Xmexcavated. 

H.  Flooded  basementsjof  buildings  (cellars)* 


II. 


C.  Flooded  gardens. 

D.  Disused  sakia  pits  (water-wheel  pits)  in  gardens. 
Environs  of  Cairo. 

E.  Borrow-pits  alongside  roadway  and  railway  embankments, 

F.  Flooded  garden  and  agricultural  land. 

G.  Sakia  pits — not  in  use. 


■’■Obaersalinn  by  J)f,  EL  H.  Ross,  Public  Health  Department. 
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Disused  ‘sakia"  or  water-wlieel  pits  are  permanent  breeding-places, 
but  when  the  water  level  in  them  is  raised  to  near  the  surface  of  the 
land  by  infiltration  from  the  Nile,  it  is  possible  that  the  species  ot 
mosquitoes  breeding  in  them  may  differ,  since  the  water  will  be  more 

exposed  to  light. 

Tn  addition  to  the  breeding  places  mentioned  above,  there  are  the 
cesspits,  which  supply  Cairo  with  an  unfailing  supply  of  Culex 
faiigaus,  Wied.,  throughout  the  year,  their  numbers  varying  with  the 
season  (temperature).  It  is  probable,  however,  that  many  old  or 
little-used  cesspits  and  wells,  which  at  other  times  of  the  yeai  aie 
dry,  become  converted  into  breeding-places  for  Culicids  during  the 
flood. 

In  the  case  of  gardens,  agricultural  land,  and  borrow-pits,  flooded  b)/ 
infiltration  from  the  riv'er,  one  finds  almost  inx'ariably  that  the  surface 
of  the  water  is  overgrown  with  grass,  water-plants  and  algae 
{Spirogyra,  sp.,  Hydrodiclyon,  sp.).  These  places  then  form  admirable 
breeding-sites  for  Anopheline  as  well  as  Culicine  larvae.  By  about 
the  middle  of  October,  igoS,  and  again  in  1909,  collections  of  water 
of  this  nature  were  swarming  with  Culicine  larvae  and  to  a  lesser 
degree  with  the  larvae  of  Cellia  pharoensis,  Theob. 

Such  was  the  state  of  affairs  on  the  Island  of  Ghezireh  in  October 
and  November,  1908-1909.  Ghezireh  is  situated  opposite  Cairo,  and 
is  connected  with  both  banks  of  the  river  by  bridges.  On  the  island 
there  is  a  large  resident  European  population  with  their  native  and 
European  servants ;  there  are,  in  addition,  a  considerable  number  of 
native  and  European  w^orkmen,  wflio  go  to  and  from  their  daily  work. 
Again  there  is  what  may  be  described  as  a  floating  riverside 
population  (chiefly  natives)  living  in  house-boats  (‘  dahabiehs  ’) 
moored  against  the  banks,  and  in  the  ordinary  Nile-boats  engaged  in 
the  transport  of  merchandise. 

As  many  parts  of  the  island  are  low^-lying  they  suffered 
considerably  from  flooding  by  infiltration  from  the  river.  Culex,  spp. 
bred  in  countless  numbers,  and  Cellia  pharoensis  in  ‘thousands.’ 
Grabhamia  willcocksii,  Theob.,  w’as  also  very  numerous.  The 
females  of  this  last  species  are  vicious  blood-suckers  as  well  as  plant 
feeders,  but  they  do  not  appear  to  enter  houses  in  any  number.s. 

Although  Cellia  pharoensis — a  supposed  malaria  carrier — was 
very  abundant  in  the  autumn  of  1908  in  Ghezireh,  yet,  so  far  as  the 
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writer  is  aware,  there  were  no  cases  oi  malaria  reported  amongst  the 
inhabitants,  although  the  latter  are  derived  from  many  parts  of  ligypl, 
•ind  include  also  Europeans  from  India,  the  Southern  Sudan,  etc. 

One  might  reasonably  expect,  therefore,  that  some  cases  of 
malaria  would  occur  among  such  a  population,  and  that  in  the  presence 
of  abundance  of  supposed  carriers  {C.  pharoensis)  an  outbreak  of 
malaria  would  occur,  but  this  was  not  so.^ 

One  result  of  the  collecting  work  carried  out  during  the  past  two 
autumn  seasons  (1908-1909),  has  shown  Cellia  pharoensis  to  be  an 
extremely  common  Anopheline  in  the  environs  of  Cairo  (it  is  believed 
to  be  the  common  Anopheline  of  Egypt).  The  apparent  rarit}', 
however,  of  malaria  in  this  country,  according  to  medical  men,  has 
raised  doubts  in  the  writer's  mind  as  to  the  exact  role  played  by  Cellia 
pharoensis  as  a  malaria  carrier.  Is  this  species  a  bad  carrier,  or  a 
carrier  at  all?;  or  is  the  malaria  carrier  of  Egypt  some  other  much 
less  common  species  of  Anopheline  which  has  so  far  been  overlooked  ? 
Other  Anophelines  arc  also  found  in  Eg)’pt. 

With  regard  to  the  question  of  the  apparent  rarity  of  malaria  in 
the  environs  of  Cairo  one  fact  must  not  be  lost  sight  of,  namely,  that 
the  mosquito  in-\'asion  takes  place  late  in  the  year,  and  lasts  a  short 
time  only— tw'o  or  three  months — and,  moreover,  does  not,  so  far  as  is 
knowm,  occur  every  year,  but  would  appear  to  be  dependent  on  the 
height  of  the  Nile  flood.  It  is  possible  that  this  has  some  bearing  on 
the  problem. 

The  habits  of  Cellia  pharoensis  are  of  interest.  This  species  may 
be  classed  as  a  '  domestic  mosquito  ’  both  in  the  larval  and  adult 
stages,  but  at  present  it  is  not  known  how  far  away  from  human 
habitations  Cellia  will  breed.  The  adults  enter  houses  in  order  to 
obtain  blood.  In.  the  open  the  females  appear  to  bite  most  viciously 
at  sunset ;  their  bite  being  rather  painful  compared  with  that  of  the 
common  Culicine,  Ciilex  fatigans. 

The  aerial  dances  performed  by  male  mosquitoes  at  sunset  are 
perhaps  worthy  of  note.  The  males  of  Cnlex,  spp.  dance  in  columnar 
form,  well  in  the  open,  or  in  some  cases,  near  or  above  bushes,  and  from 
fifteen  to  twenty  feet  from  the  ground.  Thousands  of  individuals 
may  be  present  in  one  of  these  dances,  all  in  extremely  rapid 
movements  of  limited  range.  They  produce  a  very  audible  hum. 
The  males  of  Cellia  pharoensis  dance  as  a  rule  in  the  open,  but  much 

='=In  Novembei,  1909,  However,  one  solitary  ca.se  of  malaria  occurred  in  a  cowman 
employed  in  the  grounds  of  tbe  ICliedevial  Agricultural  Society. 
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nearer  to  the  ground  than  Ciilex,  nor  do  they  collect  together  in  such 
laro-e  numbers.  Their  flight  is  also  much  slower.  The  aerial  dances  of 
the  males  of  Grabharuin  loillcocksii  are  again  different.  They 
api>ear  almost  invariably  to  take  place  close  to  bushes,  under  trees  or 
sheds  ;  the  males  lly  backwards  and  forwards  with  a  slow  and  easy 
flight,  about  three  feet  from  the  ground,  columns  not  being  formed. 
One  rather  striking  fact  concerning  these  aerial  dances  is  the 
com}3aratively  small  numbers  of  females  which  join  them  in  order  to 
pair  with  the  males. 

The  mosquito  conditions  on  the  Gizeh  side  (west  bank)  of  the 
N'ile  were  the  same  as  those  wTich  prevailed  on  Ghezireh  both  in  igo8 
and  1909.  Cellia  pharoensis,  G rabhaviia  loillcocksii  and  Culex,  .spp. 
were  found  in  numbers,  breeding  in  borrow-pits,  flooded  building-land, 
gardens  and  agricultural  land.  Many  of  these  breeding  places  were 
located  close  to  native  villages,  or  to  houses  occupied  by  both 
Europeans  and  natives. 

With  regard  to  the  City  of  Cairo,  which  is  situated  on  the  east 
bank  of  the  river,  one  expected  to  find  Culicids  breeding  in  large 
numbers,  but  it  w'as  somewhat  of  a  surprise,  to  find  C.  pharoensis 
breeding  in  the  heart  of  a  thickly  populated  native  quarter  of  the  city. 
At  the  end  of  November,  1908,  a  number  of  larvae  were  taken  in  a 
disused  pit  (water-level  about  3  feet  from  the  surface,  and  well  lighted) 
in  a  garden  in  the  Boulac  district  of  Cairo.  In  November  of  this  year 
(1909),  this  species  w^as  again  found  in  the  same  garden,  not  in  the 
sakia  pit,  but  in  a  small  pool  of  infiltration  water. 

On  two  occasions  the  writer  has  caught  adult  Cellia  pharoensis  in 
the  Turf  Club,  Cairo.  'Fhis  building  is  situated  too  far  a\vay  to  be 
invaded  by  Anophelines  from  any  of  their  known  breeding  places  ; 
the  inference  is  therefore,  that  Cellia  breed  in  other  parts  of  Cairo. 

In  November  of  this  year  the  waiter  obtained  several  records  of 
the  occurrence  of  Cellia  (adults)  in  Cairo  on  the  authority  of  Dr. 
H.  E-  Ross  and  others,  and  recently  a  new  breeding-place  was  found 
in  the  Chubra  quarter  of  Cairo. 

Early  in  December,  1908,  a  new  Anopheline  was  discovered  in 
Cairo.  This  mosquito  belongs  to  the  genus  Pyretophorus,  and  thus 
falls  under  suspicion  as  a  possible  malaria  carrier.  In  a  subsequent 
paper  dealing  lully  with  the  mosquitoes  found  so  far  in  Cairo  and 
district  it  is  proposed  to  describe  this  species  under  the  name  ol 
Pyretophorus  clcopairae. 


Jireedmg-places  of  this  new  Anopheline  were  found  in  the  Gainrah 
and  Chubra  quarters  of  Cairo ;  also  at  Demadache,  and  at  I  leluan, 
abount  fifteen  miles  from  Cairo.  The  waters  in  which  the 
Pyrelophorus  larvae  live  is  brackish,  the  dissolved  sodium  chloride 
varying  from  0'366  per  cent,  to  2'6  per  cent.,  and  as  a  imle  few  or  no 
grasses  or  water-plants  have  been  present. 

In  the  same  jxiols  the  larx  ae  of  a  new  Culicid  (n.sp.  and  ?  nov.  gen.) 
have  also  always  been  found,  but  neither  of  the.se  species  has- -except 
on  one  doubtful  occasion — ever  been  found  associated  with  Cellia 
pharoensis,  nor  have  they  yet  been  found  on  the  west  bank  of  the 
river. 

Larvae,  of  C.  pharoensis,  both  young  and  well-grown,  placed  in 
water  containing  r/S  per  cent,  common  salt,  taken  from  a  breeding- 
place  of  the  Pyretophorus  larvae,  died  in  less  than  twenty-four  hours. 
In  water  containing  i  per  cent,  common  salt,  also  from  a  Pyretophorus 
breeding-place,  Cellia  larvae  lived  from  two  to  three  days,  but  during 
this  period  until  death  took  place  they  were  very  sluggish  m  their 
movements  and  appeared  to  feed  veiy  little  or  not  at  all,  though  m 
each  case  food  was  provided  for  them. 

rhe  more  distant  environs  of  Cairo  visited  were  Marg  and  Ezbet 
el  Nakhl  to  the  North,  and  Toura  and  Heluan  to  the  South.  In  both 
the  former  places  Cellia  pharoensis  was  common,  also  Ciilex,  spp.  and 
Grabhamia  tvillcocksii. 

At  Toura,  Cellia  pharoensis  breeds  in  borrow-pits  situated  in  the 
desert,  some  close  to  the  railway,  others  further  away.  Except  in  one 
case  neither  grass  nor  reeds  grew  in  these  pits,  but  the  surface  of  the 
water  was  overgrown  with  algae,  which  provided  protection  as  well  as 
food  for  the  larvae.  It  is  of  interest  to  note  that  a  few  years  ago,  there 
was  an  outbreak  of  malaria  amongst  the  con\ucts  at  Toura  prison. 
The  prison  buildings  are, within  a  short  distance  of  the  borrow-pits 
mentioned. 

At  Heluan,  m  pools  in  marshy  ground  lying  immediately  to  the 
South-west  of  the  town  the  larvae  of  the  new  Pyretophorus  were 
found  in  large  numbers.  The  water  in  these  pools  contained  from 
2'56  per  cent,  to  3'25  per  cent,  of  common  salt.  In  a  pool  to  the  North 
of  the  town  the  Pyretophorus  larvae  were  found  associated  with  the 
larvae  of  Grabhamia  uillcocksii,  Theobald,  and  Theobaldinella 
spathipal pis,  Rondani.  The  water  in  this  pool  contained  i’6  per 
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cent,  coini.ion  salt.  IJotii  tlie  pools  to  the  North  and  South  ot  the 

town  apiicrtr  lo  be  feci  b}'  spring-s. 

Cdlia  fharocusis  was  not  found  at  Heluan. 

In  previous  years,  cases  of  malaria  arc  said  to  have  occurred  in 
lleluan. 

During  the  collecting  work  carried  out  m  igoS  and  igog,a  nuuibcr 
of  natural  enemies  of  larvae  were  observed.  The  most  important  of 
these  arc  acpiatic  bugs  (Hemiptera),  commonly  known  as  ‘  back- 
swimmers  ’  (so  named  from  their  habit  of  swimming  on  their  backs), 
belonging  to  the  genus  Noionecla.  This  genus  has  a  wide 
geographical  distribution,  and  its  members  are  recorded  by  observers 
in  other  parts  of  the  world  as  natural  checks  on  the  incieasc  of 
Culicidae.  In  igo8  a  large  area  of  the  Ghezireh  grounds  of  the 
Khedc\ial  Agricultural  Society,  flooded  by  infiltration  watei,  was 
largely  freed  from  larvae  of  Culcx  spp.  and  CcllicL  pJuiT  ocnsis  through 
the  agency  of  these  ac^uatic  bugs,  and  the  same  has  been  observed  in 
other  localities. 

These  bugs  appear  to  increase  rapidly  and  to  become  cjuickly 
distributed  in  a  district.  The  adults  leave  the  water  with  ease  and 
take  flight,  but  if  in  the  coiu'se  of  their  flight  they  hit  an  obstacle  and 
fall,  they  appear  to  have  very  great  difficulty  in  again  taking  wing  or 
even  to  be  unable  to  do  so.  They  leave  the  w^ater  with  the  dorsal 
surface  upwards  making  a  slight  wTirring  noise. 

Another  but  rather  rare  member  of  the  same  family  of  water-bugs 
{No/oneclidae)  has  also  been  found  to  prey  upon  mosquito  larvae,  and 
although  these  insects  measure  but  2  mm.  in  length  they  will  attack 
and  destroy  almost  full-grown  mosquito  laiw^ae. 

Other  natural  enemies  noted  w-ere  \vater-boatmen  (Corixidae), 
aquatic  beetles  and  their  larvae,  and  the  larvae  and  nymphs  of 
dragon-flies  {Libel lulidae). 

The  ‘  back-swhmmers  ’  of  the  genus  Noionecla  must  undoubtedly  be 
jilaced  at  the  head  of  the  list.  It  is  unfortunate  that  these  useful 
in.sects  do  not  as  a  rule  inhabit  quite  shallow'  w'aters,  and  also  that 
their  mosquito  destroying  operations  are  hindered  to  some  extent,  b}' 
growths  of  grass  w'ater-plants  and  algae,  w'hich  protect  their  pre\'. 

With  regard  to  the  enemies  of  adult  mosquitoes,  bats  appear 
to  catch  them  at  sunset,  dragon-flies  probably  destroy  some  also,  but 
m  an)'  case  it  is  probable  that  the  greater  proportion  of  mosquitoes 
destroyed  in  this  way  are  males. 
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111  conclusion  the  writer  would  urge  the  necessity  of  a  thorough 
investigation  of  the  question  of  malaria  in  Egypt,  and  especially  a 
study  of  Anophelines  likely  to  act  as  carriers  of  the  disease.  In 
Ismailia,  malaria  was  at  one  time  rife  :  it  occurred  at  Port  SaicP'  ,  and 
it  is  .said  to  occur  in  the  W  estern  Oases,  and  to  have  a  decided 
injurious  effect  on  the  inhabitants.  If  malaria  exists  or  has  existed 
m  such  widely  separated  localities  though  they  may  not  be  entirely 
representative  in  some  respects  of  the  country  as  a  whole --why  does 
ill  not  occur  more  commonly  m  other  parts  of  Egypt?  The  country 
111  the  North  of  the  Delta  is  full  of  canals — which  in  a  great  many 
cases  are  full  of  grasses  and  other  plants — stagnant  drains,  marshes, 
and  last,  but  not  least,  rice  fields  ;  111  other  words  a  country  well  suited 
to  breeding  Anophelines,  which  are  known  to  occur  there  at  certain 
times  of  the  year  and  in  certain  localities  in  large  numbers.  Yet  one 
is  informed  that  malaria  is  rare  in  Egypt,  and  so  far  no  satisfactory 
reason  has  been  given  for  this  apparently  anomalous  condition.  It 
is  because  of  the  lack  of  exact  information  on  this  problem  m  Egypt 
that  the  writer  ventures  to  put  forward  a  plea  for  further  work  on  the 
question.  If  investigation  proves  that  malaria  is  rare,  as  is  generally 
stated,  so  much  the  better  for  Egypt.  Moreover  the  utility  of  this 
work  would  not  end  here,  as  it  is  probable  that  the  explanation  of  the 
immunity  of  Egypt,  if  it  is  a  fact,  w'ould  throw  light  on  many 
imperfectly  understood  problems  of  malarial  distribution  elsewhere. 

The  writer  would  here  tender  his  sincere  thanks  to  the  man}’ 
persons  who  have  aided  him  in  the  work  which  forms  the  subject  of 
this  paper. 


Kn«s,  K.  I  j.  The  prevcnlioii  of  ^'e\•el•  on  the  .Sue/  (.'anal.  Cairo.  IQ09,  p.  14. 
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THE  EFFECT  OF  MOSQUno  LARVAE 
UPON  DRINKING  WATER 

BV 

Rl^BER'r  BOYCE.  F.R.S.,  and  F.  C.  LEWIS 
[Received  for  publication  February  26,  igio.) 

In  all  yellow  fever  countries,  it  is  well  known  that  the  presence  of 
Stegomyia  larvae  in  any  collection  of  water  is  a  source  of  clanger,  so 
much  so,  that  in  very  many  British  Colonies  penalties  are  now 
enforced  against  stagnant  water,  and  the  presence  of  mosquito  larvae 
is  deemed  evidence  of  this. 

ff  the  water  cannot  be  thrown  away,  then  it  must  be  securel)- 
protected  by  netting  from  Mosquitos,  or  it  must  be  oiled  or  stocked 
with  larvae-destroying  fish. 

It  so  happens  that  the  larvae  of  the  Stegomyia  are  most  commonU' 
iound  in  clean  water,  the  Stegomyia  calopus  selecting  clean  water  to 
deposit  her  eggs  in.  Clean  water  is  of  course  the  water  usually  found 
in  and  around  all  houses,  being  required  for  domestic  use,  for  drinking 
and  cooking  purposes,  baths,  flowers  and  for  any  domestic  pets  or 
animals  kept  on  the  premises.  It,  therefore,  is  not  to  be  wondered  at 
that  111  the  yellow  fever  zone  the  presence  of  larvae  is  taken  as 
evidence  that  the  water  is  clean.  But  their  presence  is  onh  evidence 
that  the  clean  water  was  in  all  probability  the  only  a\ailable  water 
near  to  or  in  the  house  found  by  the  Stegomyia  in  which  to  deposit 
her  eggs.  From  the  fact  that  Stegomyia  larvae  were  usually  met  with 
m  clean  water,  they  became  in  time  to  be  regarded  in  a  beneficial 
light — to  possess  in  fact  a  clarifying  influence  upon  water.  fliey 
were  regarded  as  scavengers,  taking  into  their  interiors  any  bacteria 
or  other  minute  organisms  which  might  be  present,  'fhe  normal  food 
ol  mosquito-larvae  consists  of  minute  forms  of  vegetable  matter,  and 
therefore  they  no  doubt  do  consume  bacteria.  Hence  it  was  argued 
that  their  presence  in  water  barrels  supplied  from  the  roofs  of  houses 
would  be  distinctly  useful,  for  it  was  urged  that  the)'  might  consume 
pathogenic  bacteria  derived  from  the  dust  of  the  roofs  or  from  the 
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droppings  of  birds  of  the  carrion-feeding  kind.  This  belief  consider¬ 
ably  influenced  some  authorities  against  rigorously  protecting  Uieir 
water  supplies  from  mosquitos,  and  it  was  therefore  with  the  object 
of  testing  whether  there  was  any  foundation  for  this  belief  and  with 
the  further  object  of  studying  the  effect  of  minute  forms  of  animal 
life  on  drinking  water — such  forms,  for  example,  as  are  found  in  large 
numbers  in  tlie  filter  beds  and  reseiwoirs  of  the  water  supplies  of 
cities — that  I  undertook  with  my  Assistant,  Mr.  Frederick  C.  Lewis, 
the  following  series  of  simple  experiments:  — 

The  experiments  consisted  in  placing  larvae  of  Ciilc.x  spp. 
and  of  Jhcobaldia  annulata  in  a  flask  of  non-sterilised  drinking 
water,  and  comparing  from  day  to  day  the  number  of  bacteria  present 
m  the  water  with  the  number  present  in  a  control  flask  to  which  no 
larvae  had  been  added.  The  two  flasks  which  1  call  'A'  and  ‘B’ 
were  freely  exposed  to  the  air.  The  number  of  bacteria  was 
estimated  by  plating  r  c.c.  of  the  w^ater  in  gelatine  and  incubating  at 
21°  C.  for  72  hours. 

'Fhe  results  were  as  follows  :  — 

Skrif.s  T 


Date 

T''i..v.k  ‘A,’  without  larvae 

Flask  '  R/  with  larvae 

1 

Bacteria  per  i  c.c. 

I 

1  Bacteria  per  i  c.c. 

4.12.09 

880 

873 

V 1 2.09 

983 

1.93.3 

6.12.09 

U350 

2.720 

7.12.09 

r.420 

2,390 

8.12.09 

765 

3.597 

9.12.09 

980 

5.390 

1 0. 1 2.09 

— 

1 1. 12.09 

15 

— 

I  2. 1  2.09 

35 

9.370 

Series  11 


Date 


4.12.09 
5.IZ.09 
6.12.09 
7.12.09 
8. 1 2.09 
9.12.09 
10. 12.09 
1 1. 12.09 
T  2. 1 2.09 


1 

Flask  ‘  A,'  without  larvae 

Flask  ‘  1?,’  with  larvae 

Bacteria  per  c.c. 

- - — 

Bacteria  per  c.c. 

28.1.10 

25 

1,250 

29.1.10 

1  •  t  .J 

109 

8,600 

30.1. 10 

31. 1. 10 

599 

51,200 

31. 1. 10 

1.2. 10 

3.090 

67,000 

r.2.10 

137,000 

3,2.10 

Series  III 
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Date 

FL.ysK  ‘A,’  without  larvae 

Flask  ‘  B,’  with  larvae 

Date 

Bacteria  per  c.c. 

Bacteria  per  c.c. 

5.Z.IO 

7.2.10 

8.2.10 
9.2.10 

27 

19.1 

1,760 

3,920 

56 

149,000 

168,000 

5.2.10 

7.2.10 

8.2. 10 

9.2.10 

Series  IV 

Date 

Flask  ‘  A,’  water  to  which 
typhoid  bacilli  were  added, 
but  no  larvae 

!l 

;j  Flask  ‘  B,’  same  water  with 
'  larvae  added 

Oatc 

No.  of  B.  typhosus  present 
per  c.c. 

|i  No.  of  R.  typhosus  present 
i  per  c.c. 

Ii- 

5.12.09 

12 

\ 

.  ’3 

5.12.09 

*5' I --09  i'"'  Large  increase  of  B.  typbnsHS  6. 1 2.09 

and  other  bacteria 


7.12.09 

S.12.09 


6 

3 


31 


n 

.10 


7.12.09 

8.12.09 


9.12.09 

— 

7 

9.12.09 

11.12.09 

— 

6 

1  I.I2.O9 

12.12.09 

— 

0 

12.12.09 

il 

Series  V. — 'i'o  ascertain  the  effect  on  drinking  water  of  the  Water  Cyclops. 


Date 

Flask  ‘  A,’  without  Cyclops 

Flask  ‘  B,’  with  Cyclops 

Bacteria  per  c.c. 

Bacteria  per  c.c. 

-{  JJatc 

1 

28.1.10 

25 

1,060 

1,460 

28.1.10 

30.1.10 

109 

29.1. 10 

31. 1. 10 

599 

i  '4,200 

30.1. 10 

1.2. 10 

3,090 

48,600 

69,000 

31.1.10 

1.2.10 

i  173,000 

i 

3.2. 10 

Rcsul/  : 

From  these  experiments,  it  will  be  seen  that  in  clean  drinkinp- 
water  drawn  from  the  tap  and  exposed  to  the  air,  there  is  a  sliglit 
multiplication  of  the  number  of  bacteria  for  a  few  days,  and  that  then 
the  liacteria  rapidly  decrease,  in  all  probability  owing  to  the  want  of 
food  material. 
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If,  however,  living  larvae  are  placed  in  the  water  there  is  a  verv 
rapid  rise  in  the  number  of  bacteria  per  c.c.,  which  is  enormously 
increased  if  a  larva  happens  to  die.  In  other  words,  larv^ae  add  some¬ 
thing  to  the  water,  probably  mucus,  which  acts  as  food  material,  and 
which  therefore  increases  the  rate  of  development  of  the  bacteria, 
and  a  dead  larva  in  decomposing  still  further  increases  the  bacterial 
proportion. 

In  the  case  (Series  IV)  where  typhoid  bacilli  were  added  to  the 
water,  the  presence  of  the  larvae  did  not  appear  to  have  the  least 
effect  in  reducing  their  numbers  ;  on  the  contrary,  the  total  number  of 
all  bacteria  went  up.  It  is  known  that  typhoid  bacilli  do  not  tend  to 
multiply  in  clean  drinking  water,  but,  on  the  other  hand,  the  presence 
of  albuminous  material  such  as  would  be  derived  from  the  bodies  of 
larvae  might  tend  to  favour  their  multiplication. 

The  experiments,  therefore,  show  that  the  presence  of  larvae  in 
drinking  water  adds  very  considerably  to  the  number  of  bacteria 
present.  In  the  tropics,  the  number  of  larvae  to  be  found  in  drinking- 
water  receptacles  is  often  very  great,  and  amongst  the  larvae,  there 
will  usually  be  found  some  which  have  perishctl  ;  therefore,  we  may 
reasonably  conclude  that  the  bacterial  content  of  such  water  is  very 
high  indeed.  If  larvae  lead  to  the  increase  of  saprophytic  bacteria, 
it  is  reasonable  to  suppose  that  they  will  not  diminish  pathogenic 
forms.  The  evidence,  therefore,  strongly  points  to  the  fact  that 
larvae  in  water  will  still  further  pollute  it.  The  observations  upon 
Cyclops,  as  far  as  they  go  also  point  in  the  same  direction. 
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NOTICE 


The  following  changes  in  the  courses  of  instruction  given  by  the 
Liverpool  School  of  Tropical  Medicine  will  come  into  force  in  and 
after  January,  igOQ:  — 

Full  Course  begins  6  January.  Short  Course  begins  i  June. 
Diploma  Examination,  5  April.  Certificate  Examination,  29  June. 
Full  Course  begins  15  September. 

Diploma  Examination,  13  December. 

The  full  Course  of  Instruction  is  open  to  all  qualified  medical  men, 
and  the  examination  to  all  students  who  have  taken  out  this  full 
course. 

Fee  for  the  full  Course  of  Instruction — Thirteen  guineas. 

Fee  for  the  Diploma  Examination  -Five  guineas. 

Fee  for  the  Short  Course  of  Instruction — Four  guineas. 

Fee  for  the  use  of  a  School  microscope  during  one  term  — Ten 
shillings  and  sixpence. 

For  prospectus  and  further  information,  application  should  be  made 
to  the  Dean  of  the  Medical  Faculty,  University  of  Liverpool. 


The  following  have  obtained  the  Diploma  in  Tropical  Medicine  of 
the  University  of  Liverpool :  — 

Diploma  in  Tropical  Medicine 


Date  of 
Difloma 

1909  Abercrombie,  Rudolph  George 

1906  Adie,  Joseph  Rosamond 

1907  Allan,  Alexander  Smith 
1909  Allin,  John  Richard  Percy 
1907  Allwood,  James  Aldred 

1905  Anderson,  Catherine  Elmslie 

1906  Arnold,  Frank  Arthur 
1904  Augustine,  Henry  Joshua 
1909  Barrow,  Flarold  Percy  Waller 
1906  Bate,  John  Brabant 

1904  Bennett,  Arthur  King 

1906  Bennetts,  Harold  Graves 

1907  Bond,  Ashton 

1907  Branch,  Stanley 

1905  Brown,  Alexander 
1904  Bruce,  William  James 

1904  Byrne,  John  Scott 

1905  Caldwell,  Thomas  Cathcart 
1909  Carr-White,  Percy 

1906  Carter,  Robert  Markham 

1908  Caverhill,  Austin  Mack 
1906  Chisholm,  James  Alexander 

1909  Clark,  William  Scott 

1904  Clayton,  Thomas  Morrison 

1906  Clements,  Robert  William 

1907  Collinson,  Walter  Julius 


Date  of 
Difloma 

1909  Cope,  Ricardo 

1908  Crawford,  Gilbert  Stewart 

1905  Critien,  Attilio 

1908  Dalai,  Kaikhusroo  Riistomji 
1904  Dalziel,  John  McEwen 
1908  Dansey-Browning,  George 

1907  Davey,  John  Bernard 

1908  Davidson,  James 
1904  Dee,  Peter 

1908  Dickson,  John  Rhodes 

1907  Donaldson,  Anson  Scott 

1908  Dowdall,  Arthur  Melville 

1906  Dundas,  James 

1906  Faichnie,  Norman 

1907  Fell,  Matthew  Henry  Gregson 

1907  Gann,  Thomas  William  Francis 

1908  Glover,  Henry  Joseph 

1907  Graham,  James  Drummond 

1908  Greaves,  Francis  Wood 

1904  Greenidge,  Oliver  Campbell 
1908  Goodbody,  Cecil  Maurice 

1908  Harrison,  James  Herbert  Hugh 

1909  Hayward,  William  Davey 
rgo4  Hehir,  Patrick 

1907  Hiscock,  Robert  Carroll 

1905  Hooton,  Alfred 


Date  of 
Diploma 

1Q05  Hudson,  Charles  lilson 

1905  Illington,  Edmund  Moritz 

1906  Jeffreys,  Herbert  Castelnian 
1908  joshi,  Lemuel  Lucas 

1907  Keane,  Joseph  Gerald 
1907  Kerman,  Richard  Henry 
1907  Kenrick,  William  Hamilton 
1904  Khan,  Saiduzzafor 

1904  Laurie,  Robert 

1 905  Le  Fanu,  Cecil  Vivian 

1907  Le  Fanil,  George  Ernest  Hugh 

1908  Liietbgen,  Carl  Wilhelm  Ludwig 

1905  Macfarlane,  Robert  Maxwell 

1906  Mackenzie,  Donald  Francis 

1907  Mackey,  Charles 

1904  Maclurkin,  Alfred  Robert 

1905  Maddock,  Edward  Cecil  Gordon 
1907  Maddox,  Ralph  Henry 

190S  Mama,  Jamshed  Byramji 

1907  McCarthy,  John  McDonald 

1908  McCay,  Frederick  William 

1904  McConnell,  Robert  Ernest 

1908  McLellan,  Samuel  Wilson 

1909  Meldrura,  WLlliam  Percy 

1905  Moore,  James  Jackson 
1909  Murphy,  John  Cullinan 

1904  Nicholson,  James  Edward 

1905  Nightingale,  Samuel  Shore 

1906  Pailthorpe,  Mary  Elizabeth 


Date  of 
Diploma 

1906  Palmer,  Harold  Thornbury 

1908  Pearce,  Charles  Ross 

1906  Pearse,  Albert 

1904  Philipson,  Nicholas 

1905  Radcliffe,  Percy  Alexander  Hurst 

1907  Raikes,  Cuthbert  Taunton 

1907  R3'an,  Joseph  Charles 

T906  Sampey,  Alexander  William 

1909  Samuel,  Mysore  Gnananandaraju 

1908  Schoorel,  Alexander  Frederik 
1904  Sharman,  Eric  Harding 
1908  Smith,  John  Macgregor 

1906  Smithson,  Arthur  Ernest 
1908  Stewart,  George  Edward 

1908  Tate,  Gerald  William 

1906  Taylor,  Joseph  van  Someron 
1906  Taylor,  William  Irwin 
1904  Thomson,  Frank  Wyville 

1909  Thornely,  Michael  Harris 

1906  Tynan,  Edward  Joseph 

1907  Vallance,  Hugh 

1904  Walker,  George  Francis  Clegg 
1906  Watson,  Cecil  Francis 

1909  Webb,  William  Spinks 

1908  Whyte,  Robert 

1906  Willcocks,  Roger  Durant 
1906  Williamson,  George  Alexander 

1905  Young,  John  Cameron 


EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  Tropical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
had  been  issued  since  1899,  were  followed,  from  January  i,  ,907, 

y  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
IS  the  first  number  of  the  third  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  519 

quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during-  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  in  the  Reports— that 
IS  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  the 
scientific  work  done  in  its  laboratories  at  the  University  of  Liverpool 
and  at  Runcorn.  In  addition,  however,  to  School  work,  original 
articles  from  outside  on  any  subject  connected  with  Tropical 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover)  ;  so  that,  in  all  probability,  not  less  than  four 
numbers  of  the  Annals  will  be  issued  annually.  Each  number  will 
be  brought  out  when  material  sufficient  for  it  has  been  accumulated. 
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NOTICE 


The  following-  changes  in  the  courses  of  instruction  given  by  the 
Liverpool  School  of  Tropical  Medicine  will  come  into  force  in  and 
after  January,  1909  :  — 

Full  Course  begins  6  January.  Short  Course  begins  i  June. 
Diploma  Examination,  5  April.  Certificate  Examination,  29  June. 
Full  Course  begins  15  September. 

Diploma  Examination,  13  December. 

The  full  Course  of  Instruction  is  open  to  all  qualified  medical  men, 
and  the  examination  to  all  students  who  have  taken  out  this  full 
course. 

Fee  for  the  full  Course  of  Instruction — Thirteen  guineas. 

Fee  for  the  Diploma  Examination — Five  guineas. 

Fee  for  the  Short  Course  of  Instruction — Four  guineas. 

Fee  for  the  use  of  a  School  microscope  dming  one  term — Ten 
shillings  and  sixpence. 

For  prospectus  and  further  information,  application  should  be  made 
to  the  Dean  of  the  Medical  Faculty,  University  of  Liverpool. 


The  following  have  obtained  the  Diploma  in  Tropical  Medicine  of 
the  University  of  Liverpool:  — 


Diploma  in 

Date  of 
Difloma 

1909  Abercrombie,  Rudolph  George 

1906  Adie,  Joseph  Rosamond 

1907  Allan,  Alexander  Smith 
1909  Allin,  John  Richard  Percy 
1907  Allwood,  James  Aldred 

1905  Anderson,  Catherine  Elmslie 

1906  Arnold,  Frank  Arthur 
1904  Augustine,  Henry  Joshua 
1909  Barrow,  Harold  Percy  Waller 
1906  Bate,  John  Brabant 

1904  Bennett,  Arthur  King 

1906  Bennetts,  Harold  Graves 

1907  Bond,  Ashton 

1907  Branch,  Stanley 

1905  Brown,  Alexander 
1904  Bruce,  William  James 

1904  Byrne,  John  Scott 

1905  Caldwell,  Thomas  Cathcart 
1909  Carr-White,  Percy 

1906  Carter,  Robert  Markham 

1908  Caverhill,  Austin  Mack 
1906  Chisholm,  James  Alexander 

1909  Clark,  William  Scott 

1904  Clayton,  Thomas  Morrison 

1906  Clements,  Robert  William 

1907  Collinson,  Walter  Julius 


Tropical  M ed ic i n e 

Date  of 
Difloma 

1909  Cope,  Ricardo 

1908  Crawford,  Gilbert  Stewart 

1905  Critien,  Attilio 

1908  Dalai,  Kaikhusroo  Kustomji 
1904  Dalziel,  John  McEwen 
1908  Dansey-Browning,  George 

1907  Davey,  John  Bernard 

1908  Davidson,  James 
1904  Dee,  Peter 

1908  Dickson,  John  Rhodes 

1907  Donaldson,  Anson  Scott 

1908  Dowdall,  Arthur  klelville 

1906  Dundas,  James 

1906  Faichnie,  Norman 

1907  Fell,  Matthew  Henry  Gregson 

1907  Gann,  Thomas  William  Francis 

1908  Glover,  Henry  Joseph 

1907  Graham,  James  Drummond 

1908  Greaves,  Francis  Wood 
1904  Greenidge,  Oliver  Campbell 
1908  Goodbody,  Cecil  Maurice 

1908  Harrison,  James  Herbert  Hugh 

1909  Hayward,  William  Davey 
1904  Hehir,  Patrick 

1907  Hiscock,  Robert  Carroll 
iqnq  Hooton,  Alfred 


Date  of 
Diploma 

1905  Hudson,  Charles  Tilson 

1905  Illington,  Edmund  Moritz 

1906  Jeffreys,  Herbert  Castelman 
1908  Joshi,  Lemuel  Lucas 

1907  Keaiie,  Joseph  Gerald 
1907  Kennan,  Richard  Henry 

1907  Kenrick,  William  Hamilton 
1904  Khan,  Saiduzzafor 

1904  Laurie,  Robert 

1908  Le  Fanu,  Cecil  Vivian 

1907  Le  Fanu,  George  Ernest  Hugh 

1908  J^uelhgen,  Carl  Wilhelm  Ludwig 

1905  Macfarlane,  Robert  Maxwell 

1906  Mackenzie,  Donald  Francis 

1907  Mackey,  Charles 

1904  Maclurkin,  Alfred  Robert 

1905  Maddock,  Edward  Cecil  Gordon 

1907  Maddox,  Ralph  Henry 

1908  Mama,  Jamshed  Byramji 

1907  McCarthy,  John  McDonald 

1908  McCay,  Frederick  William 

1904  McConnell,  Robert  Ernest 
igoS  McLellan,  Samuel  Wilson 

1909  Meldrum,  William  Percy 

1905  Moore,  James  Jackson 
1909  Murphy,  John  Cull  in  an 

1904  Nicholson,  James  Edward 

1905  Nightingale,  Samuel  Shore 

1906  Pailthorpe,  Mary  Elizabeth 


Date  of 
Diploma 

1906  Palmer,  Harold  Thornbury 
igo8  Pearce,  Charles  Ross 

1906  Pearse,  Albert 

1904  Philipson,  Nicholas 

1905  Radcliffe,  Percy  Alexander  Hurst 

1907  Raikes,  Cuthbert  Taunton 

1907  R}?.an,  Joseph  Charles 

1906  Sampey,  Alexander  William 
1909  Samuel,  Mysore  Gnananandaraju 

1908  Schoorel,  ALlexander  Frederik 
1904  Sharman,  Eric  Harding 
1908  Sinitli,  John  Macgregor 

1906  Smithson,  Arthur  Ernest 
1908  Stewart,  George  Edward 

1908  Tate,  Gerald  William 

1906  Taylor,  Joseph  van  Someron 
1906  Taylor,  William  Irwin 
1904  Thomson,  Frank  Wyville 

1909  Thornely,  Michael  Plarris 

1906  Tynan,  Edward  Joseph 

1907  Vallance,  Hugh 

1904  Walker,  George  Francis  Clegg 
1906  Watson,  Cecil  Francis 

igog  A  ebb,  William  Spinks 

1908  Whyte,  Robert 

1906  Willcocks,  Roger  Durant 
1906  Williamson,  George  Alexander 

1905  Young,  John  Cameron 


EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  T'opical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
lad  been  issued  since  1899,  were  followed,  from  January  i,  igo7 

by  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
IS  the  second  number  of  the  third  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  5,9 

quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  m  the  Reports  ^that 
IS  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  the 
scientific  work  done  in  its  laboratories  at  the  University  of  Liverpool 
and  at  Runcorn.  In  addition,  however,  to  .School  work,  original 
articles  from  outside  on  any  subject  connected  with  Tropical 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover);  so  that,  m  all  probability,  not  less  than  four 
numbers  of  the  Annals  will  be  issued  annually.  Each  number  will 
be  brought  out  when  material  sufficient  for  it  has  been  accumulated 
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Racorn mended  by  medical  men  with  special  experience  in  the 
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Quinine  Bihydrobrom 
Quinine  Lactate 
Quinine  Hydrochlorosulph 

N.B.— Compare  with  Quinine  Sulph, 


- 

- 

6o'o  7. 

7 

- 

- 

78'2  7o  , 

10 

- 

- 

74’3  7o 

2 

- 

73’5  % 

800 

HOWARDS’  QUININE  TABLETS  are  noted  not  only  for  the  Purity  of  the 
Salts  contained,  but  also  for  their  extremely  accurate  dosage.  This  is  an 
important  detail  too  often  neglected,  as  experiments  will  prove. 

STRATFORD,  LONDON,  E. 


THE 


Medical 

Directory 


OF 


India^  Burma^ 
and  Ceylon. 

SECOND  EDITION,  1909. 

Price  per  copy 

ly  los.  (17.50)  ordinary  binding 
[yi  ($10.00)  superior  binding  and 
interleaved. 

Sent  all  charges  prepaid  on  receipt  of  price. 

Abdress 

‘PRACTICAL  MEDICINE,’ 
DELHI  (INDIA). 

London  Agents  &  G.  FOYLE, 

135  Charing  Cross  Road,  W.C. 


A  book  of  inestimable  value  to  Commercial  Houses, 
Manufacturers,  Retailers  and  Agents,  whose  sales  are 
largely  to  the  Medical  Profession.  The  best  medium 
for  direct  advertising  and  indispensable  for  distribution 
of  Circulars,  Price  Lists,  Samples,  &c. 

Chief  Features Complete  List  of  all  the  Medicul 
Practitioners,  Official  and  private,  including  Indian 
Physicians,  Homoeopathic  Practitioners,  Dentists, 
Nurses,  etc.  Commercial  Directory  of  Chemists, 
Druggists,  Opticians,  etc..  Names  of  Hospitals  and 
Dispensaries,  and  other  Medical  Institutions,  Govern¬ 
ment,  Railway,  Native  States  and  Private.  List  of 
Medical  Periodicals,  ynhWshQdi  in  India  and  other 
countries,  and  Directory  of  Foreign  Merchants  and 
Manufacturers  in  the  medical  line. 


SOME  OF  THE  PUBCHASERS  OF  THE  DIRECTORY. 


Ferris  &  Co.  .  .  .  .Bristol,  Eng. 

j.  Weiss  &  Son  .  .London. 

P.  Blankiston’s  Son  ,  ,  ,  - 

&  Co . PhiloiUlphia. 

Sultan  Drug  Co.  ..St.  Louis. 
Asquith  &  Lord  .  .Bombay. 

Rio  Chemical  Co.  .  .New  York. 
John  Bale,  Sons  & 

Danielsson  ..  ..London. 

Battle  &  Co . St  Louts. 

J  ames  Wright  . .  - .  Bombay . 

Katrak  &  Co . Karachi. 

Henry  Kimpton  ...London. 
Antidolor  Manufac- 

turingCo.  ..  SpnngvtlU.N.Y. 
I.  G,  Gajjar  &  Co.  .  .Bombay. 

Maison  LuerWulfing,  Pam. 

Martin  H.  Smith  &Co.,  New  York. 
Od  Chemical  Co.  .  .New  York. 


J.  A.  Klrkbride  &  Co.  Bombay. 
Thomson  &  Taylor,  Bombay. 
Framjee  &  Son  .  .Bombay. 
Boericke  &  Tafel  . .  Philadelphia. 
Amersey  Khimiee  Si  Co.,  Bombay. 
Spear  Marshall  Co.,  Chicago. 
James  L.  Hatrick  &  Co.,  London. 
W.  Kuhlenthal..  ..London. 

C.  J.  Hewlett  &Son.. London, 
Maw,  Son  &  Sons  .  .London. 

Bayer  &  Co . London. 

Abbott  Alkaloidal  Co.,  Chicago, 
Knoll  &  Co.,  Ludwigshafen- 
on-Rhine  ..  ..Germany. 
Anglo-American 
Pharmaceutical  Co.,  London. 
Burroughs,  Wellcome 

&  Co . London. 

Thacker,  Spinck  &  Co.,  Calcutia. 


■I 


CONTENTS 


PAGE 


Kinghorn,  Allan;  and  Montgomery,  R.  Edstace,  On  the 
Flagellates  occurring  in  the  Intestine  of  Glossina  pdlpalLs 
and  in  the  Intestine  and  Proboscis  of  Glossina  morsitans 

Kinghorn,  Allan  ;  and  Montgomery,  R.  Eustace.  Second 
Report  on  Human  Trypanosomiasis  in  North-Eastern  Rhodesia 
and  Nyasaland 


Montgomery,  R.  Eustace  ;  and  Kinghorn,  Allan.  A  further 
Report  on  Trypanosomiasis  of  Domestic  Stock  in  Northern 
Rhodesia  (North-Eastern  Rhodesia) 


NOTICE 

Subscription:  £i  2s.  6d.  per  annum,  post  free,  payable  in 


advance  to  the  Secretary.  Liverpool  School  of  Tropical  Medicine 
B  10  Exchange  Buildings,  Liverpool.  Separate  numbers  of  thb 

repoit,  ys.  6d.  each.  Corre.snnnd^n/-#*  .-‘r, _ _ . 


I  Articl^  for  Publication  arc  accepted,  if  found  suitable,  from  any 

source.  hey  should,  if  possible,  be  typewritten ;  and  unless  the 


report,  7s.  6d.  each.  Correspondence  concerning 
should  also  be  addressed  to  the  Secretary. 


source. 


number.  The  author  is  entitled  to  receive,  free  of  charge,  fifty 
reprints  of  his  work  on  its  publication,  provided  that  he  asks  for  them 
when  he  sends  his  paper.  Additional  copies,  if  required,  will  be 


Additional  copies,  if  required,  will  be 


UNIVERSITY  OF  LIVERPOOL 


[oveiliber  i,  1909 

/'  ►  f'l 

'■'f 


LIVERPaOLSCHQDL 
OFb  TROPICAL 
/AePICINe-DO 


i 


ANNALS 

Editfed  by 

RONALD  ROSS 

in  collaboration 
O  with 

J.  W,  W.  Stephens 
R.  Ne^vsteai) 

J.  L.  Todd 
H.  W.  Thomas 
Anton  Breinl 
Sir  Rubert  Boyce 


Series  TaM.  Vol.  III.  No.  3 


Annals 

of 


Tropical  Medicine 


and 


ISSUED  BY 


I  THE  LIVERPOOL  SCHOOL  OEyH’ROPICAL  MEDICINE 


Zj 


LIVERPOOL :  AT  THE  UNIVERSITY  PRESS 

LONDON  :  CONSTABLE  &  COMPANY  LTD.,  10  ORAKGE  STREEl',  LEICESTER  SQUARE,  W.C. 


Price  Seven  Shillings  and  Sixpence  net 


STABLE  ARYLARSONATES 


The  result  of  researches  in  the  experimental  laboratories 
of  Burroughs  Wellcome  &  Co. 


f  {Sodium  para-ami nophenylarsonate  in 
a  pure  and  stable  condition) 


‘SO  AMIN 


(trade  mark) 


Uniform  in  action.  Soluble  1  in  3  of  water  at  body 
temperature  and  1  in  5  at  60°  Fahr.,  giving  a  solution  which 
may  be  sterilised  by  boiling  for  five  minutes. 

Clinical  reports  efficiently  demonstrate  that  ‘  S  o  A  M  I  N  ’  has 
firmly  established  its  value  in  SYPHILIS. 

‘  so  AMIN'  is  supplied  in  bottles  of  5  gm.  and  30  gm.,  at  Ii6  and  6/0  per  bottle. 

'TABLOID'  ‘SOAMIN’:  gr.  1,  in  botties  of  100,  at  2l4  per  bottle;  gr,  5  and 
O' 3  gm.,  in  botties  of  25,  at  2l6  per  bottie._  ■ 


Contains  25’4  per  cent,  of  arsenium  (As). 

Unique  in  its  solubility :  1  in  2^  of  water  at  body  tempera¬ 
ture  and  1  in  4  at  60°  Fahr.  Solutions  may  be  sterilised  by 
'  boiling,  and  are  stable. 


Orsudan’  is  indicated  in  all  diseases  of  protoxoal  origin. 


Results  of  recent  experiments  suggest  that  it  may  prove  of 
special  value  in  the  treatment  of  Malaria. 

'ORSUDAN'  is  supplied  in  bottles  of  5  gm.  and  30  gm.,  at  2j6  and  lOjO  per  bottle. 

'TABLOID'  'ORSUDAN' ;  gr.  1,  In  bottles  of  100,  at  3l6  per  bottle  ;  gr.  5  and 
0'3  gm.,  in  bottles  of  25,  at  4l2  per  bottle. 


Burroughs  Wellcome  &  C6.,  London 


New  York 


»  «8o 


Montreai. 

Milan 


Sydney 
Shahch  Al 


Cape  Town 


COPYRIGHT 


I 


Volume  ill 


November,  1909 


No.  3 


ANNALS 

OF 

TROPICAL  MEDICINE  AND 
PARASITOLOGY 

ISSUED  BY 

THE  LIVERPOOL  SCHOOL  OF  TROPICAL  MEDICINE 


Editor 

Professor  RONALD  ROSS,  Major  I.M.S.  (Ret.),  D.P.H.,  P.R.C.S., 

D.Sc.,  L.L.D.,  F.R.S.,  C.B. 


,  In  Collaboration  with 

J.  W.  W.  STEPHENS,  M.D.,  Cantab.,  frJ.rf-OV  Su  0^-9 
R.  NEWSTEAD,  M.Sc.,  A.L.S.,  F.E.S.,  Hon.  FvRiH.S.,.  ^  .  :  V  >' 

f  /  •*  .V  v  .- 

J.  L.  TODD,  B.A.,  M.D.,  C.M.  McGill,  D.Sc.,  Liv.  -C  — 

H.  WOLFERSTAN  THOMAS,  M.D.,  C.M.  McGill. 

ANTON  BREINL,  M.U.Dr. 

Professor  Sir  ROBERT  BOYCE,  M.B.,  F.R.S. 


C'.  'J'inUng  csr"  Co.,  Ltd. 

Printers  to  the  University  Press  of  Liverpool 
Victoria  Street 


THK  INCORPORATED 

LIVERPOOL  SCHOOL  OF  TROPICAL  MEDICINE 

{Affilinted  ivith  the  University  of  Liverpool) 


Hon.  PrcRidctit :  Her  Royal  Hig-hness  PRINCESS  CHRISTIAN 
Hon.  Vice-Prc^identfi :  The  Duke  oe  Xorthumrerland,  K  C. 

]T\rl  of  Derby,  LL.D.,  (hCAhO.,  CMC 
Earl  Cromer,  G.C.B. 


COMMEETEE 

('Itainnnn  :  Sir  Alfred  L.  Jones,  K.C.M.G, 
\'icc-Chainnan  :  Mr.  E.  C.  Danson,  J.P. 


Vice-Chancellor  DALE 

Sir  W.  B.  Bowring,  Bart  ] 

Dr.  Caton  ) 

Professor  Sir  Rubert  Boyce,  ) 

M.B.,  F.R.S.  l 
Professor  SHERRINGTON,  F.R.S.  j 
Dr.  W.  Alexander  ] 

Dr.  C.  J.  Macalister  ) 

Mr.  J.  O.  Strafford 
Mr.  T.  F.  Harrison  ) 

Mr.  Charles  Livingston  J 

Mr.  A.  R.  Marshall  ) 

Mr.  W.  Roberts  j 

Mr.  Stanley  Rogerson 
Mr.  C.  Booth  (Jun.) 

Mr.  George  Brocklehurst 
Mr.  J.  W.  W.  Danson 
Mr.  Robert  Rankin 


University  of  Liverpool 

Conncil  of  University  of  Liverpool 

Senate  of  University  of  Liverpool 

Royal  Southern  Hospital 
Chamber  of  Commerce 
Steamship  Owners'  Association 

Shipowners’  A ssociation 
TF«/  African  Trade  Association 


Mr.  J.  A.  Tinne 

Mr.  Alec  L.  Rea,  Hon.  Treasurer 


Mr.  A.  H  Milne,  B.A.,  Secretary, 

R  10,  Exchange  Buildings.  Liverpool 


Staff 


I.  At  the  University  of  Liverpool 

Pmfe'isnr  -  -  MA)0R  RONALD  ROSS,  F.R .C.S..  D.  P. H  D  Sc 

LL.p..  F.R.S..  C.B.  Nobel  J.niireale  iqo2. 
(Imliaii  ]\recHcal  Scnice,  retired).  Pir  Alfred 
'/ones  Professor  of  Trofical  Hfcdichte 

Lecturers  -  JOHN  WILLIAM  WATSON  STEPHFNS,  M.D.. 

Cantal).,  D.P.II.  IValier  Myers  T.ecturcr 
ROBERT  NEWSTEAD,  M.ST.,  A.I,.S..  F.E.S. 
Lecturer  on  Medical  Entomology 

Assistant  Lecturers  -  HAROLD  WOLFERSTAN  THOMAS  M  D 

C.M.  >  -  •  , 

ANTOA'  BREINL,  M.U.Dr. 

R.  STENHOHSE  WILLIAMS,  M.B.,  D.P.IL, 
Assistant  Lecturer  in  Public  LLeattti  Pacteriologv 
ILonoraiy  Lecturers  -  WlLIdAM  THOMAS  PROHT.  M.B  ,  ('MO* 
Ma.iok  JOSFPH  FITZOFRAfJ)  BLcjoD,  M.V)., 
M.CIi.  (Indian  Mcilical  Service,  retired) 


2.  At  the  Royal  Southern  Hospital,  Liverpool 


ptiyucians  -  -  OH  ARLES  JOHN  MACALISTER,  MD 

M.R.C.P.  ■  ■' 

JOHN  LLOYD  ROBERTS.  iM.D.,  i\LR  C  P 
Major  RONALD  ROSS,  C.B.,  F.R.S.,  etc.  ' 
Surgeons  -  -  .  WILLIAM  ALEXANDER,  M.D  F  R  C  S 

ROBERT  JONES,  F.R.C.S.  •  • 

GEORGE  PALMERSTON  NEWBOLT  iH  B 
F.R.C.S.  ’  ’ 

Tropical  Pathologist  -  JOHN  WILLIA.M  WATSON  STEPflENS.  1^1. D. 


3.  At  the  Runcorn  Research  Laboratories 

-ANTON  BREINL,  .M.U.Dr.,  Pras^. 


Director 

Research  1 

Demonstrators  (  ^  ARKING  I  ON"  \ORKE,  M.D.,  and  otlier  workers 


4.  On  Expedition 

HAROLD  WOLFERSTAN  THOMAS  MD 
C.M. 

Dean 

PROFK.S.SOR  Sir  RUBERT  BOYCE,  KI.B.,  E.R.S, 
Lahoratorv 

JOHNSTON  TROPICAL  LABORATORY,  LR'ERPOOI 
UNIVERSITY 


Research  Laboratory 
CROFTON  LODGE,  RUNCORN 

ILospital 

ROYAL  SOUTHERN  HOSPITAL,  LIVERPOOL 
Secretary s  Office 

B  10.  EXCHANGE  BUILDINGS,  LIVER POOf. 


NOTICE 


The  following  courses  of  instruction  will  be  given  by  the 
Liveipool  School  of  Tropical  Medicine  during  iqio  : — 

Full  Course  begins  6  January.  Short  Course  begins  i  June. 
Diploma  Examination,  4  April.  Certificate  Examination,  2q  June, 
F ull  Course  begins  1 5  September. 

Diploma  Examination,  12  December. 

The  full  Course  of  Instruction  is  open  to  all  qualified  medical  men, 
and  the  Examination  to  all  students  who  have  taken  out  this  full 
course. 

Fee  for  the  full  Course  of  Instruction— Thirteen  C'uiineas. 

Fee  for  the  Diploma  Examination — Fdve  (iiiineas. 

Fee  for  the  Short  Course  of  Instruction — Four  Guineas. 

Fee  for  the  use  of  a  School  microscope  during  one  term  -Ten 
shillings  and  si.xpence. 
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tlie  University  of  Liverpool:  — 


Di-ploma  in  Tropical  Medicine 


Date  of 
Di-ploma 

1909  Abercrombie,  Rudolph  George 

1906  Adie,  Joseph  Rosamond 

1907  Allan,  Alexander  Smith 
1909  Allin,  John  Richard  Percy 
1907  Allwood,  James  Aldred 

1905  Anderson,  Catherine  Elmslie 

1906  Arnold,  Frank  Arthur 
1904  Augustine,  Henry  Joshua 
1909  Barrow,  Harold  Percy  Waller 
1906  Bate,  John  Brabant 

1904  Bennett,  Arthur  King 

1906  Bennetts,  Harold  Graves 

1907  Bond,  Ashton 

1907  Branch,  Stanley 

1905  Brown,  Alexander 
1904  Bruce,  William  James 

1904  Byrne,  John  Scott 

1905  Caldwell,  Thomas  Cathcart 
1909  Carr-White,  Percy 

1906  Carter,  Robert  Markham 

1908  Caverhill,  Austin  Mack 
1906  Chisholm,  James  Alexander 

1909  Clark,  Whlliam  Scott 

1904  Clayton,  Thomas  Morrison 
1906  Clement.s,  Robert  William 
1007  Collinson,  Walter  Julius 


Dale  of 
Diploma 

1909  Cope,  Ricardo 

1908  Crawford,  Gilbert  Stewart 

1901;  Critien,  Attilio 

1908  Dalai,  Kaiklui.sroo  Ru.stoinji 

1904  Dalziel,  John  McEwen 

1908  Danse3^-Browniirg,  George 

1907  Davey,  John  Bernard 

1908  Davidson,  James 

1904  Dee,  Peter 

1905  Dickson,  John  Rhodes 

1907  Donaldson,  Anson  Scott 

1908  Dowdall,  Arthur  .Melville 

1906  Dundas,  James 

1906  Faichnie,  Norman 

1907  Fell,  Matthew  Henry  Gregson 
1907  Gann,  Thomas  William  Francis 
190S  Glover,  ITenr\’  Joseph 

1907  Graham,  James  Drummond 
1 90S  Greaves,  Francis  Wood 

1904  Greenidge,  Oliver  Campbell 

1908  Goodbody,  Cecil  Maurice 

1905  Harrison,  James  Herbert  flugh 

1909  Hayward,  William  Davcv 

1904  Hehir,  Patrick 

1907  Pliscock,  Robert  Carroll 

1905  Hooton,  Alfred 


Ditle  of 
Diploma 

1905  Hudson,  Charles  Tilson 

1905  Illington,  Edmund  Moritz 

1906  Jef¥reys,  Herbert  Castelman 
190S  Joshi,  Lemuel  Lucas 

1907  Keane,  Joseph  Gerald 
1907  Kennan,  Richard  Henry 
1907  Kenrick,  William  Hamilton 
1904  Khan,  Saiduzzafor 

1904  Laurie,  Robert 

1905  Le  I'anu,  Cecil  Vivian 

1907  Le  Fanil,  George  Ernest  Hugh 
i()o8  Luetligen,  Carl  Wilhelm  Ludwig 

1905  Macfarlane,  Robert  Maxwell 

1906  Mackenzie,  Donald  Francis 

1907  Mackey,  Charles 

1904  Maclurkin,  Alfred  Robert 

1905  Maddock,  Edward  Cecil  Gordon 
1907  ^laddox,  Ralph  Henr}' 

190S  Mama,  Jamshed  Byramji 

1907  McCartiw,  John  McDonald 

1908  McCay,  I’rederick  William 

1904  McConnell,  Robert  Ernest 

1908  McT.ellan,  Samuel  Wilson 

1909  Meldrum,  William  Percv 

1905  Moore,  James  Jackson 
1909  Murphy,  John  Cullioan 

1904  Nicholson,  James  Edward 

1905  Nightingale,  Samuel  Shore 

1906  I’ailthorpe,  Mary  F.lizabeth 


Dale  of 
Diploma 

1906  Palmer,  Harold  Thornbury 

1908  Pearce,  Charles  Ross 

1906  Pearse,  Albert 

1904  Philipison,  Nicholas 

1905  Radcliffe,  Percy  Alexander  Hurst 

1907  Raikes,  Cuthbert  Taunton 

1907  Ryan,  Joseph  Charles 
rgob  Sampey,  Alexander  William 

1909  Samuel,  Mysore  Gnananaudaraju 

1905  Schoorel,  Alexander  Frederik 
1904  Sharman,  Eric  Harding 
1908  Smith,  John  Macgregor 
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KDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  Tropical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
had  been  issued  since  1S99,  were  followed,  from  January  i,  1907, 
by  the  Annals  of  Tropical  Aledicine  and  Parasitology,  of  which  this 
is  the  third  number  of  the  third  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  519 
quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  in  the  Reports-  that 
is  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  the 
scientific  work  done  in  its  laboratories  at  the  University  of  Liverpool 
and  at  Runcorn.  In  addition,  however,  to  School  work,  original 
articles  from  outside  on  any  subject  connected  with  Tropical 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover) ;  so  that,  in  all  probability,  not  less  than  four 
numbers  of  the  Annals  wdll  be  issued  annually.  Each  number  will 
be  brought  out  when  material  sufficient  for  it  has  been  accumulated. 


HOWARDS  &  SONS 


In  addition  to  the  Salts  of  Quinine  more  commonly  used, 
manufacture  the  following  Soluble  Salts  : 

Percentage  of  the  Solubility  in 
Alkaloid  in  the  Salt  Cold  Water 


Quinine  Bihydrochlor  -  72’o  7,  i 

Recommended  by  medical  men  with  special  experience  in  the 
Tropics  as  THE  BEST  QUININE  SALT  tor  administration - 
when  tebrile  symptoms  are  present. 

Quinine  Bihydrobrom  -  -  -  6o‘0  7o  7 

Quinine  Lactate  -  -  -  -  78  2  %  10 

Quinine  Hydrochlorosulph  -  -  74 ’3  %  2 

N.B. — Compare  with  Quinine  Sulph.  -  -  73*5  %  800 


HO^VARDS’  QUININE  TABLETS  are  noted  not  only  for  the  Purity  of  the 
Salts  contained,  but  also  for  their  extremely  accurate  ciosag:e.  This  is  an 
important  detail  too  often  neglected,  as  experiments  will  prove. 
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Subscription:  £i  2a.  6d.  per  annum,  post  free,  payable  in 
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rejected,  the  article  will  be  returned  as  soon  as  possible  by  registered 
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NOTICE 


The  following  courses  of  instruction  will  be  given  by  the 
Liverpool  School  of  Tropical  Medicine  during  igio  : — 
bull  Course  begins  6  January.  Short  Course  begins  i  June. 
Diploma  Examination,  4  April.  Certificate  Examination,  29  June. 

Full  Course  begins  15  September. 
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course. 
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to  the  Dean  of  the  Medical  Faculty,  University  of  Liverpool. 
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1905  Hudson,  Charles  Tilson 

1905  Illington,  Edmund  Moritz 

1906  Jeffrej's,  Herbert  Castelrnan 
190S  Joshi,  Lemuel  Lucas 

1907  Keane,  Joseph  Gerald 
1907  Kennan,  Richard  Henry 

1907  Kenrick,  William  Hamilton 
1904  Khan,  Saiduzzafor 

1904  Laurie,  Robert 

1908  Le  Fanu,  Cecil  Vivian 

1907  Le  Fanu,  George  Ernest  Hugh 

1908  Luethgen,  Carl  Wilhelm  Ludwig 

1905  Macfarlane,  Robert  Maxwell 

1906  Mackenzie,  Donald  Francis 

1907  Mackey,  Charles 

1904  Maclurkin,  Alfred  Robert 

1905  Maddock,  Edward  Cecil  Gordon 

1907  Maddox,  Ralph  Henry 

1908  Mama,  Jamshed  Byramji 

1907  McCarthy,  John  McDonald 

1908  McCay,  Frederick  William 

1904  McConnell,  Robert  Ernest 

1908  McLellan,  Samuel  Wilson 
xpog  Meldrum,  William  Percy 

1905  Moore,  James  Jackson 

1909  Murphy,  John  'Cullinan 

1904  Nicholson,  James  Edward 

1905  Nightingale,  Samuel  Shore 

1906  Pailthorpe,  Mary  Elizabeth 


Date  of 
Diploma 

1906  Palmer,  Harold  Thornbury 

1908  Pearce,  Charles  Ross 

1906  Pearse,  Albert 

1904  Philipson,  Nicholas 

1905  Radcliffe,  Percy  Alexander  Hurst 

1907  Raikes,  Cuthbert  Taunton 

1907  Ryan,  Joseph  Charles 

1906  Sampey,  Alexander  W’illiam 

1909  Samuel,  Vlysore  Gnanauandaraju 

1908  School'd,  Alexander  Frederik 
1904  Sharman,  Eric  Harding 
1908  Smith,  John  Macgregor 

1906  Smithson,  Arthur  Ernest 
1908  Stewart,  George  Edward 

1908  Tate,  Gerald  William 

1906  Taylor,  Joseph  van  Someron 
1906  Taylor,  William  Irwin 
1904  Thomson,  Frank  Wyville 

1909  Thornely,  Michael  Harris 

1906  Tynan,  Edward  Joseph 

1907  Vallance,  Hugh 

1904  Walker,  George  Francis  Clegg 
1906  Watson,  Cecil  Francis 

1909  Webb,  William  Spinks 

1908  Whyte,  Robert 

1906  Willcocks,  Roger  Durant 
1906  Williamson,  George  Alexander 

1905  Young,  John  Cameron 


EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  Tropical  Medicine,  the  series  of  the  Reports  of  the  School,  which 
had  been  issued  since  1899,  were  followed,  from  January  i,  igo;, 
by  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
is  the  fourth  number  of  the  third  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  519 
quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  in  the  Reports — that 
is  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  the 
scientific  work  done  in  its  laboratories  at  the  University  of  Liverpool 
and  at  Runcorn.  In  addition,  however,  to  School  work,  original 
ai  tides  from  outside  on  any  subject  connected  with  Tropical 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover) ;  so  that,  in  all  probability,  not  less  than  four 
numbers  of  the  Annals  will  be  issued  annually.  Kach  number  will 
be  brought  out  when  material  sufficient  Tor  it  has  been  accumulated. 
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In  addition  to  the  Salts  of  Quinine  more  commonly  used, 
manufacture  the  following  Soluble  Salts  : 


Percentag-e  of  the  Solubility  in 
Alkaloid  in  the  Salt  Cold  Water 

Quinine  Bihydrochlor  -  72 ’o  7.  i 

Recommended  by  medical  men  with  special  experience  In  the 
Tropics  as  THE  BEST  QUININE  SALT  for  administration 
when  febrile  symptoms  are  present. 


Quinine  Bihydrobrom 
Quinine  Lactate 
Quinine  Hydrochlorosulph 

N.B. — Compare  with  Quinine  Sulph. 
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HOWARDS  QUININE  TABLETS  are  noted  not  only  for  the  Purity  of  the 
Salts  contained,  but  also  for  their  extremely  accurate  dosage.  This  is  an 
important  detail  too  often  neg^lected,  as  experiments  will  prove. 
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EDITORIAL  NOTICE 


By  order  of  the  Committee  of  the  Incorporated  Liverpool  School 
of  Tropical  Medicine,  the  senes  of  the  Reports  of  the  School,  which 
had  been  issued  since  1899,  were  followed,  from  January  i,  1907, 
by  the  Annals  of  Tropical  Medicine  and  Parasitology,  of  which  this 
is  the  fifth  number  of  the  third  volume. 

Altogether  twenty-one  Memoirs,  besides  other  works,  were 
published  by  the  School  since  1899,  and  of  these  ten,  containing  519 
quarto  or  octavo  pages  and  95  plates  and  figures,  were  published 
during  the  two  years  1904  and  1905. 

The  Annals  are  issued  by  the  Committee  of  the  School,  and  will 
contain  all  such  matter  as  was  formerly  printed  m  the  Reports  that 
is  to  say,  accounts  of  the  various  expeditions  of  the  School  and  of  the 
scientific  work  done  m  its  laboratories  at  the  University  of  Liverpool 
and  at  Runcorn.  In  addition,  however,  to  School  work,  original 
articles  from  outside  on  any  subject  connected  ivith  1  ropical 
Medicine  or  Hygiene  may  be  published  if  found  suitable  (see  notice 
on  back  of  cover);  so  that,  in  all  probability,  not  less  than  foui 
numbers  of  the  Annals  'will  be  issued  annually.  Each  number  will 
be  brought  out  when  material  sufficient  for  it  has  been  accumulated. 
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‘VL.b.,  F.E.S.  With  two  plates. 


11 


MEMOIR  XVIII 

I.  Gland  Palpation  in  Human  Trypanosomiasis; 

AND 

II.  The  Distribution  and  Spread  of  ‘Sleeping  Sickness  ’  in  the  Congo 
Free  State.  By  the  late  J.  Everett  Dutton,  M.B.,  and  John  L. 
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By  R.  Howard  Mole,  M.D.  With  two  plates. 

VI.  Concerning  certain  Parasitic  Protozoa  observed  in  Africa.  Bv 
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